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The Acid Open Hearth Process 


Bringing Bath to Proper Condition Toward the End of the 
Melting Process and Use of Deoxidizers Discussed—Graphical 
Representation of Reactions. 

By F. ROGERS, D. Eng,, B. A. M. Sc. (Sheffield). 


While numerous writers have dealt with the general 
metallurgy of the acid open-hearth among the other 
steel-making processes, they have, on the whole, left 
room for a reasonable claim that persistent mystery and 
some ignorance continually enshroud steel making, 
especially by the acid open hearth and crucible processes. 

Many of the views and suggestions in the present 
paper will have a direct or indirect bearing upon steel- 
making by all the six usual processes, but attention has 
been centerd upon the acid open hearth process, partly 
for the reason mentioned, and also because for a con- 
siderable period of years acid open hearth steel has re- 
mained in this country a sort of standard of reference for 
quality among structural steels. Further, the metal- 
lurgy of this process offers in many respects a convenient 
starting point for the study of all the steel melting 
processes. 

In all the oxidizing processes it is essential at the 
end to deoxidize the metal by some means. The prime 
effect of neglect to do so is blowholes in the mgot, a 
defect which in the majority of cases is inadmissible. 
There is also considerable evidence which suggests, but 
as yet does not prove beyond doubt, that beside the 
gases (mainly oxygen in some form and hydrogen and 
nitrogen) which cause blowholes, further gas, including 
oxygen, remains in combination or solution in the steel 
to its detriment. . 

Two principal methods are in use which contribute 
to secure the desired end. The first is the bringing of 
the bath to proper “condition” towards the end of the 
melting process; this factor assumes exceptional 1m- 
portance in the open hearth acid process. The second ts 
the use of deoxidizers. 

The term “condition” is often abused in its application 
to steel melting, being used in a vague and mysterious 
manner, frequently to cloak ignorance. It ts true that 
it is not yet possible to keep the working under the con- 
tinuous control of instantaneous precise measurement, 
but there is every reason why this fundamentally im- 
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portant “condition” should be as fully understood as 
possible. : 

What is meant by “the condition of the bath” is, 
properly its temperature, the composition (particularly 
the carbon and oxygen contents) of the metal, and the 
composition (particularly the iron oxide content) of the 
slag. 

There are many considerations involved in judging 
the “condition” during working. After the primary aim, 
the adjustment of the carbon content, is well in hand, 
the deoxidation of the metal should occupy first place. 
The diminution of oxygen in the metal is indicated by 
the appearance of the sample and by the quieting down 
of the reaction, in conjunction with the carbon content 
of the metal, the composition of the original charge and 
slag so far as known, and the temperature. 

‘Dead melting” means the minimizing of oxygen in 
the metal at this stage. The influence of temperature in 
dead melting is usually misunderstood. The reaction be- 
tween iron oxide and carbon in the bath proceeds fur- 
ther in the direction of minimizing the total iron oxide 
present, as the temperature is raised. On the other 
hand, the rate of oxidation of the bath by the furnace at- 
mosphere increases with the temperature. In practice, 
however, under ordinary conditions, the author has 
found that the balance is strongly in favor of the higher 
temperature. No satisfactory figure for the temperature 
can be given, since the means of measurement hitherto 
available are always open to an error of 20 deg. to 30 deg. 
C., and this amount is sufficient to make the difference 
between good dead melting and bad. 

Diagram I, with its legend illustrates this point. It 
has already been mentioned that it is important to mini- 
mize the small amount of oxygen which remains in the 
metal. The foregoing remarks, however, would apply 
equally well if we were merely contemplating the mini- 
mizing of oxygen in the slag, but in some of the fol- 
lowing remarks this would not apply, and it may there- 
fore be taken that the author considers oxygen as be- 
ing present in the bath (and in the solid steel) in small 
amounts as dissolved iron oxide. 
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The bearing of these views, however, is less clear 
unless it be realized that he considers that when dead 
melting is achieved, there is an appropriate equilibrium 
involving the retention of 4n amount of iron oxide in 
solution, in the molten metal, which is quite a definite 
amount in relation to the other factors involved (tempera- 
ture, carbon principally, in presence of iron, silica prin- 
cipally). The equilibrium ‘here referred to is not a sta- 
tionary condition, but the reaction still continues, in 
passing through this condition. 

The influence of lime (if present) in this equilibrium, 
should here again be mentioned for the sake of complete- 
ness.* 

The addition of lime causes in effect the displacement 
of some iron oxide (although the entire slag remains an 
approximately homogenous solution) which reacts with 
carbon in the metal, thus lessening the total iron oxide in 
the svstem. The effect is slightly increased because the 
distribution of iron oxide between slag and metal will 
(upon well-understood physical and chemical grounds) 
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Diagram I—Dead melting. 


Curve “Carbon” shows the bath carbon content (C) in relation 
to the time (t). 
Curve "‘Temperature’” shows the corresponding temperatures. 
Curve BB’ shows the oxygen (QO) taking part in the reaction 
1d 
FeO + C = Fe + CO; the equation of the curvé is O = ~— -- a 
12 dt 
Curve CC’ shows the oxygen entering the slag from the atmos- 
phere. CC’ and BB’ intersect at D, 
Curve AD shows the total oxygen present in the bath previous 
to IT. The curve AID frequently meets BB’ elsewhere than at TD. 
The part of the ordinate intersected between BB’ and ADC! 
represents the oxygen in the bath in exeess of that taking part in 
the renetion FeO + C¢ = Fe 4+ CO. These intereepts are plotted 
separately in) Diagram IT, 
The ideal consists in dead melting to “eondition 1D,” that is: 
Oxygen BD, all in course of removal by reaction FeQ + €; 
Carbon ID’; 
Temperature I)’, 


be proportioned to the total iron oxide present, that 1s, 
‘he addition of lime does not merely lessen the iron oxtde 
1 the slag, but also lessens the iron oxide in the metal 
worrespondingly. The diagram represents this: 


Effect of Adding Lime. 


FeO — S10: Slag CaO l 
keO 5 — sO, 
FeQ —C Metal FeO —C 


Before adding lime. After adding lime. 
[t is evident from this explanation of the action of 


lime that when, as often happens, the nature of the 
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charge and other conditions are such that the early ad- 
dition of lime is not essential, it is sufficient to add Lime 


at a late stage, in approaching the dead melted condition. 


The above-described reaction then occurs, and a satis- 
factory dead-melted condition 1s atiained in trom 20 to 
60 minutes, according to various other circumstances. 
In this way the exposure of the banks to possible damage 
from careless handling of the lime is minimized. 

It is necessary, in considering the above, to realize 
that the whole process is an oxidizing one. and that the 
oxidizing action never ceases during normal working. 
Thus the expression “dead melting” is a relative one, and 
it is important to inquire what happens if the “des4- 
melted” condition be over-steppcd in anv way. At this 
stage the reaction may be comparatively sheht—tfor ex- 
ample, a drop of 0.01 per cent carbon in 14 hour—or 
rapid, a drop of three to five times as much—vet with 
satisfactory results. Reference to Diagram I. will show 
what may happen next: We may in the extreme case have 
the rate of production of iron oxide by furnace atmus- 
pheric oxidation greater than the rate of its deco:nposi- 
tion by carbon, and the carbon being low, the metal be- 
comes increasingly charged with iron oxide. It is prob- 


= TIME 
Diagram II—Dead melting. 


The ordinates are oxygen in excess of that taking part in the 
reaction FeO + CC = Fe + CO, us obtained frum, und explained 
under, Diagram I, 


able that the solubility of iron oxide in the metal in- 
creases slightly as the temperature rises and as the 
carbon decreases beyond some very low figure (Diagram 
I\’). 

It is further probable that the solulitlity of each of the 
gases decreases continuously with rise of temperature 
from the melting point, but drops suddenly in solidity- 
ing, as shown qualitatively in Diagram IV for oxyvyven 
as CO. | 

Reference to Diagram IT will now show in a stinple 
form one of the principal features extracted from ia- 
gram I, namely, the curve of excess Oxvgen preseii— 
the oxygen in the bath as a whole which ts in excess of 
what can be removed by the reaction with carbon. 

In Diagram III the corresponding complete dia- 
grams (such as Diagram I) for two different temperature 
curves are given, with summary of several of the most 
important effects of adopting the higher temperature 
curve. 

We can now see the several conflictire factors wiitel 
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enter into the proper deoxidation at th's stage—the 
chances of under-doing it on the one hand, and leaving 
the steel considerably oxidized, though not markedly 
wild (this is the commonest error) or, on the other hand, 
overdoing it and producing wild stecl which is not in 
all circumstances fully cured by the use of deonidizeis. 
Thus, for example, it is useless to make a rigid practice 
(as the author has known done) of running the carbor 
down to 0.07-0.09 per cent in all casts, with practically 
no reference to “condition” in other respects, and then to 
imagine that this is dead melting because a lot of “pig- 
ging-back” was done. At 0.09 per cent carbon the bath 
is usually “underdone,” because a relatively high tem- 
perature is required to dead-melt at this carbon. 
Incidentally, a relatively slight excess of temperature 
would, under these circumstances, lead to wildness: but 
with care in approaching 0.09 per cent carbon there is no 
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Diagram III—Dead melting. Influence of temperature. 

Two diagrams of the type of Diagram I, are obtained for the 
two different temperature curves 1 and 2. The other corresponding 
curves are marked throughout respectively 1 and 2. Otherwise 
the notation is as in Diagram I 

D1 and D2 are the two resulting ideal dead-melting “conditions.” 
The advantages of the higher temperature curve 2 are seen to be: 
Greater speed of working; greater probability of reaching ‘“condi- 
tion D"” at all; greater definiteness of “condition D,” ete, as dis- 
cussed in the text. 
difficulty in obtaining a good dead-melted condition at 
this carbon if necessary. 

Another extreme instance is the attempt to catch ttie 
carbon at say 0.45 per cent carbon, including obtaining 
three or four strccessive samples in ™% to'114 hours, all 
analyzing 0.45 per cent carbon. This can be done, an:! 
sometimes is—approximatcly—hut it is not to be imagin- 
ed that this is properly ‘“dead-melting.” The bath has 
in such a case been held quiescent by its coldness, an! 
the diagrams show that, under these circumstances, its 
oxygen content is higher than it should be before going 
on with the additions. Incidentally, a relatively great 
excess of temperature, and even a first addition of lime, 
need not in this instance do worse than cause the fall 
of the carbon to 0.25 per cent to 9.30 per cent in 1 to 1% 
hours and produce a good dead melted! bath 

It will be realized that to a great extent the diagrams 


here presented must be only of a qualitative nature. They 
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have, however, been derived from a great variety of ex- 
periments arranged to test the various points at issue. It 
will be seen, for example, that a consequence of Diagram 
I, as of some of the abobe-expressed conclusions, 
would be, that if the temperature of the bath could ne 
promptly raised whilst keeping the other conditions 
(especially oxidation and carbon addition) as stationary 
as possible, an underdone cast could be dead-meited or 
a dead-melted cast made wild. This is not, however, very 
well illustrated in the acid furnace, owing to the relative 
slowness of the heating, but the action is evident!v ex- 
actly what should be made fullest possible use of, as men- 
tioned in the foregoing instances. On the other hand, 
it is possible to study this action in the reverse way— 
that is, by prompt cooling of the bath. Vhe means by 
which the author achieved this was the addition of fairly 
massive scrap steel of similar class to the bath. I: thus 
be done when an ideal dead-melted condition has beer 
obtained, then as soon as the scrap addition is melted 
and mixed in, the bath shows the usual signs of coldness. 
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Diagram IV—Solubility of carbon monoxide and ferrous oxide 


Again, if a good dead-melted condition be exceeded, 
and by pushing the temperature too high :n relation to 
the other conditions, somewhat wild hath is obtained, the 
addition of the correct amount of scrap restores a perfect 
dead-melted condition. 

Here the author feels obliged to issue a word of warn- 
ing. It must not be imagined that he :s advocating the 
indiscriminate add'tion of scrap for the control of con- 
dition in dead melting; to do so might cause more mnis- 
chief than it would remove. Further, he does not make 
a sweeping claim of novelty in adding scrap (or anv- 
thing else) to the bath, which has often been done by 
others, especially among the final additions; but he is not 
aware that it has heen used in exactiv the way above 
described in the study of the essertia! “condition” of 
the bath. sIt is one of the most valuable methods of 
study of which the author is aware, and tt has assisted 
him in arriving at a decision as regards several 
of the more obscure features of the subject. 

It is necessary to draw attention to another important 
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consequence of the above views. In the attempt to end 
the oxidizing stage satisfactorily, it is from the practical 
point of view necessary not only to minimize the oxygen 
present in the system, but also to do so with the carbon 
content within reasonable limits of a desired figure, 
which varies considerably with the circumstancey. The 
nature of the running equilibrium has been indicated, 
and it is therefore evident that some careful choice must 
be exercised in regard to the controllable ex..esses which 
may occur. In this respect we have to notice chiefly tem- 
perature, carbon, and iron oxide. The influence of tem- 
perature has already been discussed. The important 
point as regards carbon and iron oxide is to choose cor- 
rectly the carbon content at which to cease oreing, so 
that in view of all the particular circumstances then pre- 
vailing (approximate ore content of the bath, the relative 
keenness of working of the furnace, the general nature 
and volume of the slag, etc.) dead melting will be 
achieved at a content. 


Deoxidizers. 

It may be and sometimes is asked: What is the ad- 
vantage of such great care in deoxidizing the bath by 
dead melting when deoxidizing additions are afterwards 
to be used? The reply is that the author has found by 
wide and careful experiments that no one deoxidizer will 
alone thoroughly deoxidize steel, and that when two or 
more deoxidizers are used, each has an effect, and the 
combined effect is greater than if one of them be omitted ; 
in fact, the more the better, if they be good deoxidizers. 
The fact that carbon alone is not sufficient to deoxidize 
steel demonstrates the truth of this conclusion. The 
actions of the deoxidizers are not quite identical Thus 
we have carbon, which forms a gaseous product (CO, 
possibly soluble in the metal, but largely passing off) 
with the oxygen present, and a soluble carbide with the 
meta. 

Manganese, to the extent it is commonly used, dis- 
solves in the metal in some form and produces manga- 
nese oxide, which unites with avidity with silicates, but 
which is at most slightly soluble in the metal. Inci- 
dentally also, a part of the manganese unites with sul- 
phur, producing an insoluble su!phide. 

The action of silicon normally resembles that of 
manganese—it is partly dissolved in some form, and it 
produces insoluble silica, whose assimilation by the sili- 
cates and basic oxides is not so ready as the combination 
of MnO with the silicates. 

Aluminum in the amounts used enters only to a 
very slight extent into the metal, and produces an oxide 
which frees itself fairly readily from the metal, but dees 
not readily associate itself with the other non-metalke 
matters. 

From the point of view of partial pressures of soiu- 
tions and balanced reactions, the greater simultaneous 
action of deoxidizers seems fairly comprehensible. De- 
spite, for example, the presence of some manga- 
nese in the molten metal, a certain amount of FeO and 
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CO still remain dissolved and even unacted upon by Mn. 
Upon adding silicon to the system, the saturation 
pressures of FeO and CO fall still further, but not to 
zero. 
There is similarly a drop upon each deoxidizing ad- 
dition, assunung that at least a slight excess of deoxidizer 
is used. 


Deoxidizers, Temperature Effect. 

The exact saturation pressure of the residual FeO 
and CO depend upon the temperature. The heat balance 
shows that in the presence of excess deoxidizer the pres- 
sures will fall with higher temperature. This the author 
has verified in numerous experiments. In other words, 
the deoxidizers are more efficacious, the higher the tem- 
perature of the metal at the time of their addition. The 
effect of higher temperature and time in giving the en- 
tangled products greater opportunities to float to the 
top is generally recognized. Here again high tempera- 
ture is advantageous, but it is, as in dead melting, neces- 
sary to beware of the renewal of too oxidizing con- 
ditions in attempts to raise the tempcrature at this stage. 
The casting conditions which have to be met are, how- 
ever, usually permitted to dictate the temperature con- 
trol more and more as the end of the process is approch- 
ed. Throughout, the process is admittedly full of such 
compromises, but the present is a plea for ideals accom- 
panied ‘by suggestions as to how to attain them, and 
even in the last-mentioned stage, the author much pre- 
fers to see it attempted to get the maximum deoxidation 
as stated, followed by temperature control, or even by 
modification in the details of casting, to obtain the re- 
quired ingots. 

Casting. 

Approaching the casting stage, the processes have 
more and more in common, but at the same time there 
is a greater variety in any event in the conditions to be 
met, in the size and form of ingot, etc., so that strictly 
metallurgical generalizations are not so readily applicable 
to the whole field. Only a few of these points will be 
touched upon in the present paper whose relation to the 
melting process proper is closest, and other features wil! 
be left until a future occasion. 

Much good steel is more or less ruined in “the pit” 
in casting, and the author has given much importance 
to the improvement of execution at this stage. 

Three of the principal types of original defects in steel 
are rokes, non-metallic inclusions, and pipe. Rokes 
which do not contain siliceous matter may arise in 
mechanical ways in worked steel, but more generally thev 
arise from blowholes in the ingot. The means which have 
been outlined for minimizing oxvgen are the prime 
means for obviating rokes arising froin blowholes. Blow- 
holes, usually local in the ingot (that is, not related to the 
general anatomy of the ingot) can also arise through 
wrong design of ingot, bad surface or facing of moule, 
etc. 

Non-metallic inclusions arise in various wavs: (1) En- 
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tangled slag, and silicates or MnS in suspension in the 
bath and carried over to the ingot: (2) silicates formed 
in situ in the ingot by a continuance of the deoxidizing 
action and aided by oxidation of the steel by air during 
passage into the mould; (3) MnS formed in situ by con- 
tinuance of the action of Mn in the ingot during’ solid- 
ification ; (4) fluxed refractory fittings, especially runner 
bricks. 

The influence of high temperature and time in lessen- 
ing (1) has already been noted. As regards (2) and (3), 
there is a slight advantage in hot steel; (4) is a strong 
argument for avoiding bottom running if possible. 

Steel made on the lines indicated will have the great- 
est tendency to piping, but it is always possible to mini- 
mize this tendency systematically. This depends essen- 
tially upon the adoption of conditions conducive to 
efficient feeding during solidification. These include the 
proper proportioning of diameter to length of ingot and 
means of hindering the cooling of the upper part; these 
means are of several kinds, and their choice largely de- 
pends on cost in relation to the selling value of the steel. 
Refractory lined heads, and ingots wide end uppermost, 
are the simplest and most direct methods. | 


The full advantages of casting ingots wide end up are, 
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for the greater range of ordinary work, ‘best obtained 
from a mould standing on a loose bottom plate, prefer- 
ably with a well for sizes over 3 tons or so, containing a 
loose but fairly massive piece of scrap plate for the 
stream to strike upon first. If this loose piece be 
adopted, it is essential that every loose piece absolutely 
should be identified afterwards for each ingot, since 
sometimes I have known this plate, if too light, to be 
washed up into the ingot and cause trouble. 

In conclusion, the main object of the present paper 
have been to give critical consideration to the principal 
features of the acid open-hearth process which affect 
the production of a sound, clean ingot. Naturally, at- 
tention has been mainly centered upon the most pre- 
dominant of the features, deoxidation. The means of 
carrying these principles into effect in the process have 
been indicated—ideal dead melting and the proper use 
of lime and of deoxidizers. Finally, brief consideration 
has been given to conditions which must be observed in 
order to utilize the full advantage of the high degree of 
deoxidation obtained, and in cider to minimize the pip- 
ing to which such steel is otherwise subject. It is seen 
that the author’s general preference is for ingots top cast, 
with the wide end uppermost, and suitably fed, as for 
example, by refractory heads or special methods. 


Resulting Reactions of Superheating Slags 


Considerations Concerning the Superheating of Slags and 
‘Metals During Refining, Smelting: and Alloying Operations. 
Graphical Representation of These Reactions. 

By J. E. FLETCHER, M. I, Mech. E. 


I. In the production of wrought iron and steel or 
ingot iron in the open hearth furnace, it is becoming 
clearer that the mechanism of refining and alloying is 
that of the intimate reactions which occur between the 
various constituents of the pig iron, ore, and scrap 
charged and those of the slags used in the efficient carry- 
ing out of such processes. 

The finished cold cast products are crystalline com- 
posite masses made up of more or less carLonized or 
otherwise alloyed crystals separated from each other by 
boundaries which probably always contain minute par- 
ticles or films of isolating matter. It is known that such 
films often contain the iron oxides FeO and Fe,O, to- 
gether with silicates of iron and manganese. There is 
further evidence that occluded gases in a fine state ot 
division occur within the crystal boundaries. Such films 
must tend towards the non-welding of the adjacent cry- 
stal faces when the molten or liquido-plastic crystals are 
being drawn together in their passage to the solid state. 

The high temperatures needed in the ferrous allov 
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processes make the study of the reactions and of the con- 
stitutional changes in both slags and alloys exceedingly 
difficult ; there is sense, however, in which it may be said 
that the reactions at high tenyperatures are more simple 
than at lower ones. Thus M. Charpy succeeded in 
cementing or carbonizing iron filings by heating at 650 
deg. C. for about 40 hours in potassium cyanide. the 
alloy produced being the iron carbon eutectic containing 
4.3 per cent carbon and melting at about 1,130 deg. to 
1,135 deg. C. Similarly after heating for 85 hours the 
alloy containing 6.67 per cent carbon and 93.33 per cent 
iron (Fe,C) was produced. With only three hours’ heat- 
ing at 1,130 deg. C. the 4.3 per cent carbon eutectic 
alloy resulted. Moissan, at the temperature of the elec- 
tric arc, succeeded in carbonizing iron to a content of 
about 4 per cent in three minutes, and the author, in a 
like period, also at the temperature of the electric arc, 
obtained an alloy containing 5.5 per cent carbon. Later 
Ruff and Goecke produced a 9.6 per cent carbon iron 
alloy by cementation in an electric furnace at 2,220 deg. 
C., the time required at this high temperature being re- 
latively short. These experimenters concluded that there 
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is a progressive formation of the carbides Fe,C, Fe.C, 
and FeC, at increasing temperatures until at about 2,700 
deg. C. gasification of the alloy (FeC + Fe) takes place. 

II. The refining and alloying slags in iron and steel 
processes may be divided-into three types. Those hav- 
ing temperatures of formation, fusion, and equilibrium 
(1st) higher, (2nd) approximately the fusion and equili- 
brium temperatures of the metallic alloys in contact with 
the slags. 


The slags of type (1) are representative of blast fur- 
nace working, where the pig iron fusion temperatures 
are in the neighborhood of 1,110 deg. C. Such slays 
have the composition ; 

CaO + MgO + FeO + MnO = 5O to 55 per cent., 

SiO: + Al:O; + P:0; = 45 to 50 per cent., 
the fusion temperatures of which are in the region 
of 1,400 deg. C. 

The slags of type (2) are typical of the puddling pro- 
cess where the fusion and softening temperatures of the 
metal being operated upon vary from 1,130 deg. to 1,450 


c Blast furnace. 
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Fig. 1—Illustrating the changes in the composi- 
tion and temperature of equilibrium during 
cae progressive alloying of a white iron with 
silicon. 


deg. C., the slags having fusion temperatures varying 
between 1,080 deg. C. and 1,350 C. and being silicates of 
iron and manganese of the approximate analysis ; 


FeO + Fe:0; + MnO = 70 to 8%. SiO: = 2 to 30%. 


The slags of type (3) are representative of the open 
hearth steel melting processes. Here the metal fusion 
temperatures vary from 1,130 deg. to 1,500 deg. C., 
while the slags fuse between 1,100 deg. C. and 1,350 deg. 
C. and have the typical analyses ; 


CaO + MgO + FeO + MnO = 40:+to 50% (acid 
Si0, + AlzOs 50 to 60% eee 

CaO + MgO + FeO + MnO 80 to 70% | (basic 
S10: + POs 20 to 30% § process). 


III. Now obviously the temperatures of refining, 
smelting, and alloying chambers or hearths of the fur- 
naces being operated must be kept higher than those of 
the slags or metals under treatment. Hence in case (1) 
the blast furnace metal is superheated above its fusion 
point; in (2) the puddled iron and slags may be kept 
nearly at their proper fusion temperatures, and in (3) 
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the slags are superheated above their fusion tem- 
peratures. 
Taking as concrete examples the cases cited: 


Blast Furnace Slags. 

Here the slag fusion temperature is higher than that 
of the contact metal. The temperatures of the tuyere 
zone are in the region of 1,500 deg. C., the slag fusion 
temperatures being between 1,350 deg. C. and 1,150 deg. 
C., while the underlying metal is melted at roughly 
1,140 deg. C. The slag and metal are therefore continu- 
ously superheated above their fusion temperatures. The 
metal in the hearth is primarily of eutectic composition 
or thereabouts, viz., 4.3 per cent carbon and 95.7 per cent 
iron. 

The result of superheating this eutectic is first to ren- 
der the contained carbide of iron, Fe,C, unstable. The 
higher it is heated above its melting point, 1,130 deg. to 
1,135 deg. C., the greater is this instability apparent and 
its sensitiveness to refining or alloving action increased. 
Similarly the oxide constituents of the slag which are 
reducible at the hearth temperature become unstab.c 
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Fig. 2—Action of slags in the puddling process. 


under conditions of superheat, the silica, SiO... and phos- 
phate of lime, 4CaO,P.O, being readily reducible. 

At the hearth temperature, 1,500 deg. to 1,600 deg. 
C., the slag tends to adjust its composition by parting 
with SiO, and P.O, until it attains equilibrium consistent 
with the degree of superheat. If given sufficient time at, 
say, 1,500 deg. C., an equilibrium corresponding to the 
slag composition 20 per cent Al,O,, 80 per cent CaQ,- 
MgQO would arrive in the case of a smelting using a 
working slag of primary non-superheated analysis 30 per 
cent SiO,, 15 per cent Al,O,, 55 per cent CaO, Mgo. 
The 1,500 deg. C. saturated slag would then be inert, 
there ‘being no further reducible ‘constituent present in 
the slag. The metal in contact with the slag would also 
have moved towards stable equilibrium and it can he 
shown that in the case of ferro silicon manufacture an 
alloy composition C 0.5 per cent, Si 9.3 per cent, Fe 90.2 
per cent would result when the slag becomes inert. The 
fusion temperature of resulting slag and metal would be 
about 1,450 deg. C. (In this case phosphorous, sulphur, 
and manganese ahve been omitted for the sake of sim 
plicity.) 

It is impossible at present to state the composition 
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which corresponds to the stable equilibria of slags at 
varying temperatures or of the metallic alloys in contact 
therewith, but it may be inferred from the foregoing that 
by proper adjustment of the primary slag composition it 
is possible by correct temperature control to regulate the 
alloy actions in the metal. 


It is clear that the cast iron becomes alloyed with 
silicon and phosphorus at the expense of its carbon the 
more readily as the slag is superheated and hence free 
to act on a superheated metal (unstable) in contact with 
it. Fig. 1 illustrates the changes in the composition and 
temperature of equilibrium during the progressive alloy- 
ing of a white iron with silicon. The active and relatively 
inert conditions of the slag are indicated by the shaded 
area marked “superheat.”” The hgher the superheat the 
more active the slag and the more unstable the metalloid 
compounds in the metal attacked. 


There are, doubtless, cases where, as in certain pneu- 
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Fig. 3—The progress of refining and the coinci- 
dent adjustment of slag composition during 
the complete puddling process, illustrating the 
effect of superheat on the slag and metal 
equilibria. 
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matic refining processes, the excess of oxygen leads to 
oxidation of the metal underlying the slag. Such oxides 
may there rise to the surface and enter the slag which 
under certain temperature conditions may become more 
active, increasing the slag superheat because of the ad- 
dition of iron oxide to the slag and coincidently lowering 
its fusion point. Carbon in a pig iron charge may thus 
be oxidized at the expense of iron oxides FeO,Fe,O, in 
the slag, iron passing back into the metal; such action is 
coincident with or preceding the silicon or phosphorus 
transfer. Thus a blast furnace slag may become rich in 


FeO, the resulting pig iron being white. Iron has then ~ 


been reduced from the slag in preference to silicon and 
the total carbon content of the pig iron is lower than in 
the case where a normal slag free from FeO has been 


employed. 
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Puddling Slags. 

In the puddling process the slags are of the type 
(FeO,Fe,O,,SiO,) having temperatures of fusion and 
equilibrium not much different from those of the pig 
irons which it is desired to refine. Here it is necessary to 
desiliconize, dephosphorize and decarburize the pig iron 


underlying or in contact with the slag. The initial fusion 


temperature of the pig iron to be refined is about 1,140 
deg. C., that of the first superposed slag being, say, 1,260 
deg. C. This slag is therefore superheated and conse- 
quently active. Unlike the blast furnace slag the pud- 
dling slag is basic and continues so throughout the pro- 
cess. There is no deterrent or inert constituent such as 
lime or alumina, hence temperature variations repidly 
alter the slag constituents. The active iron oxides in the 
slag attack the unstable iron phosphide and silicide in the 
pig iron and primarily furnish the oxide for gasifying the 
unstable carbon in the superheated iron carbon alloy and 
for oxidizing the silicon and phosphorus which are also 
but feebly stable at temperatures above 1,100 deg. C. 
There is an automatic adjustment of the slag composition 
throughout the process. At the beginning and end Of 
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Fig. 4~Automatic adjustment of a. typical blast 
furnace slag (English ore.) 


the operation the temperatures are higher than during 
the intermediate stage. The initial and final slags are 
therefore ‘high in FeO,Fe,O, and low in Si0,, whereas 
in the intermediate stage the slag is more silicous and 
more readily fusible. During “rash” or careless working 
the end of the operation is conducted at too high a tem- 
perature hence the slag is too highly superheated and ad- 
justs its composition by robbing the iron bath or sponge. 
The iron oxide thus added to the slag is largely the re- 
sult of oxidation by the furnace gases (rich in O, and 
CO,). Fig. 2 illustrates the forgoing actions. It is seer 
that the superheat is not so great as in the blast furnace 
operation. Fig. 3 shows the progress of refining and 
the coincident adjustment of slag composition during the 
complete puddling process and illustrates most clearly 
the effect of superheat on the slag and metal equilibria. 

IV. (A) In the production of certain alloy steels the 
working slags results in the pronounced separation of. 
the most readily reduced slag constituent. Thus in the 
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making of manganese steel in the open hearth furnace 
the primary slag covering the molten pig iron charge was 
a rich ferrous slag of the composition approximately 
FeO, Fe,O; = 80%, SiO, = 20%, fusible at about 1,300 
deg. C. Into this a pyrolusite ore of analysis MnO, = 
85%, CaO,MgO = 5%, SiO, = 10%, was gradually add- 
ed. The MnO, becomes MnO on superheating, the FeO 
being changed to Fe,O, by the O liberated from the 
MnO,. It was then found that the FeO and Fe,0, in the 
slag, if increased by further additions of haematite ore 
(Fe,O;) and lime caused a rapid reduction of the Mn 
from the slag. Mn entering the liquid metal. When the 
slag contained over 50 per cent Mn then manganese 
entered the metal whereas if the slag was adjusted so as 
to contain above 50 per cent of Fe, then iron was re- 
duced from the slag in preference to manganese. An 
increase in the superheat in either case increased the 
rapidity of the reduction. The temperature was not 
measured but it was noticed that the higher MnO slags 
were more fluid than the rich FeO slags and were ap- 
parently fusible at a lower temperature. Hence at the 
practically constant furnace temperature the high MnO 
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superheat their stability is decreased. Possibly at the 
moment of exchange it is the ferrous oxide which reacts 
with the Mn,C in a reversible sense thus: 


3FeO + Mn ,Cc—23MnO + Fe,C. 


Superheating the oxide FeO in an oxidizing atmos- 
phere leads to the formation of Fe,O, (as in the pro- 
duction of “Bulldog slag” by calcining puddling furnace 
tap cinder). On the other hand liquid Fe,O, when in 
contact with molten Fe alloys is readily converted to FeO 
provided a reducing or neutral atmosphere is maintained 
in working chamber. 

Alloying a metallic mass underlying a rich slag. 
In siliconizing the white eutectic iron in the hearth 
of the bast furnace the SiO, in the slag interacts with the 
Fe,C in the carburized white iron in a reaction of the 


type: 
SiO, + 2Fe,C = Fe,Si + 4Fe + 2CO. 
The carbide of iron in the eutectic metal is displaced by 


silicide of iron and pure iron is coincdently set free. CO 
gas is liberated and the slag is impoverished by the silica 


TABLE l. 
Typical alloying actions in blast furnace. 


Superheated unstable constituents. 


In slag. Ib. | In metal. lb. 
, rrr eorenve 810, 60 Fe,0 860 
B e@eaecoeasn ee@sece P O 42 Fe,C 000 
Sean MnO (1) 218 | Fe,0 180 
D oe eeeede FeO (2) 216 © 86 
A Ceeresceorvececns 810 + 0 = 
Ba P05 +  5Fo,0 = 
C Seresecacseos 8 Oo + Fe,0 = 
D @eonseereneee 8¥FeO + 8C = 


Constituent ejected 
Resulting alloys in metals. from metal. 
Compound Ib Free. | Ib. | ~ ib. 
Fe,8i 140 Fe 224 co 56 
Fe,P 398 Fe 604 co 140 
Mis0 177 = = FeO 216 
= = Fe 168 co 84 
Reactions. 
Fe,8i be 4¥Fe + 2CO 
2¥e,P + oFe + 6CO 
D +. 8FeO 
S¥e + co 


slags were more highly superheated than the high FeO 
slags, hence more unstable and the Mn in consequence 
more readily reduced. 

(B) The refining of alloys may be illustrated in the 
case of the elimination of manganese in the puddling or 
open hearth steel processes. Thus the reaction between 
the slag constituent FeO, Fe,O, and the alloy constituent 
Mn,C in the pig iron is of the type; 

FeO,Fe:.0; + Mn = 3MnO + CO + 3Fe. 
Manganous oxide displaces the iron oxides in the slag, 
the manganese in the pig iron being replaced by pure 
iron from the reduction of the iron oxides. Swuperheat- 
ing the slag renders the FeO,Fe,O, more active while 
superheating the molten pig iron increases the instability 
of the Mn,C. In the interaction CO gas is liberated. 
The slag is enriched by the entrance of MnO at the cost 
of the iron oxides FeO,Fe,O,. Professor Turner’s view 
that in such actions the active oxides FeO, Fe,O, are 
the reducing agents has been taken. They are in the 
state of least stability and hence in the condition to react 
with the other unstable compounds present when Dy 
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SiO,. This exchange is affected by the superheating of 
the slag, the silicate of lume or magnesia therein becom- 
ing unstable. The interaction between the SiO, and the 
unstable superheated Fe,C is thereby promoted as 
shown. 


(C) Liberation of occluded gases. When cast iron 
is heated considerably above its melting point the oc- 
cluded gases, which are not inconsiderable in quantity 
and consist mainly of CO and H, are set free. An ex- 
amination of the microstructure of a pig iron which has 
been thus heated towards its boiling point reveals par- 
ticles of silica surrounded by an envelope of ferrite to- 
gether with flakes of coarse graphite. It would appear 
that a reaction has taken place in this case between the 
escaping CO gas and the silicide of iron FE,SI thus: 


Fe,Si + 2CO = SiO, + 2Fe + 2C. 
The slaggy particles appearing in the microstructure are 
probably a silicate of iron formed as per the reaction: 


Fe,Si + 3CO = 2FeO,SiO, + 3C. 
In some cases such silicate slag rises to the surface of 
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the metal which has been desiliconized to some extent 
by gaseous means. Again, sometimes iron oxide par- 
ticles occur mechanically mixed and distributed through- 
out the cast iron or steel mass as a result of over- 
oxidation or over-blowing in the hearth or bath of the 
furnace or converter. The effect of superheating such an 
alloy is further to refine the metal thus: 


FeO,Fe,O, + Ze Si = 2510, + 7Fe, 
or FeO,Fe:O; + Fe.Si = B20 SiO; + 3he 
and FeO,Fe:Os + 4Fe.C = 15Fe + 4CO. 

H. Brearley has illustrated this action in his book 
on case-hardening, where a slag globule is shown sur- 
rounded by a ferrite envelope, and generally in iron and 
steel, slag streaks are associated with adjacent ferrite. 

V. The mechanism of refining and alloying through 
the offices of the slags is shown in the tables Nos. 1 and 
2. In the blast furnace a portion of the carbon in the 
carbide, Fe,C, is liberated in the CO gas forined and 
pure iron is freed to unite with the Si and P as silicide 
of iron, Fe,Si, and phosphide of iron, Fe.P. These ac- 
tions occur when the slag is superheated. 
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iron being thereby rendered unstable react with the sim- 
ilarly unstable slag oxides (in this case the iron oxides). 
Silica and phosphoric acid escape to the slag and CO 
gas 1s liberated. The iron set free by the decomposition 
of the silicide, phosphde, and carbide of iron and that 
added by deposition from the slag oxides, together with 
the primary iron crystals in the original pig iron (if con- 
taining less than 4.3% carbon) yield a refined product 
more or less free from silicon, phosphorus, manganese, 
and carbon. 


VI. It is evident from the foregoing that intimate 
contact between the metal and the slags in smelting, re- 


fining, and alloying operations are imperative if succes- 


ful results are to follow. 

In the blast furnace the reduction of the ores must 
be largely through gaseous (CQ) influence. It is not 
possible for sufficiently uniform carbon (coke) contact 
with the oxide of iron (Fe,O,, etc.) particles to take 
place. The slag blanket which covers the metal in the 
hearth of the furnace is agitated by the splashing and 
penetration of the drops of liquid metal and slag as they 


TABLE 2. 
Typical refining actions in cupola, open hearth steel, and puddling processes. 


Result of refining, new constituents 
Superheated unstable constituents. added. Gases ojected. 
In slag. | Ib. | In metal. Ib. | To slag. | Ib. To metal. | Ib. | a | Ib. 
Disc ate Fe0,Fe,0; 232 | Fe,SI 280 310 120 Fe 302 = Sas 
Boe FeO,Fe,0, | 232 | MnC 177 MnO 218 Fe 168 co 28 
C3, Fe0,Fe,0, | 464] Fe,P 898 P,05 142 Fe 604 = = 
FeO 216 
Reactions. 
| eee Fe0,Fe,03 + 2¥Fe,S = 2310 + 7¥e 
Bo Fe0,Fe,0; + Mn, “A 3Mn0 + $Fe . + co 
Ole. Q(FeO,Fe303) + 2FesP P,0, + oFe + 8Fe0 


The automatic adjustment of a typical blast furnace 
slag is shown in Fig. 4, where, during the alloying of 
the iron in the blast furnace hearth with silicon (the re- 
sulting pig irons having 0 to 3.0% silicon),) the slag 
composition alters thus: 


CaO, Slag 
S102 ALO: MgO. soften- 


ing 

cemp. 

% CO cF as 

Before alloying with Si 28.5 20.7 47.1 1,435 
With 1% Si in pig iron 28.1 215 48.9 1,440 
With 2% $1 in pig iron 27.5 21.7 49.7 1,440 
With 3% Si in pig iron 26.= 222 50.3 1,445 


As the slag adjusts itself during the loss of Si the 
fusion temperature of the slag is raised. Hence a higher 
hearth temperature and resulting slag and mctal super- 
heat ‘becomes necessary as the more highly silicious pig 
irons are made. 

Table 2 illustrates the mechanism of refining action 
in cupola, open hearth, and puddling operations. Here 
the pig iron being refined is superheated above its melt- 
ing point, and the silicide, phosphide, and carbide of 
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descend from the upper portions of the tuyere zone. 
Hence there is a greater contact between slag and li- 
quid metal than at first appears. The relationship be- 
tween the area of slag contact and the iron smelted per 
hour is of practical importance. The ratio: 


area of slag contact (sq. ft) 
15, in the case of modern hot 
iron smelted per hour (tons) 


blast furnaces 15 to 25. In the days of cold blast fur- 


naces the ratio was as high as 40 sq. ft. of slag contact 
per ton of iron smelted per hour. | 

In the foundry cupola the ratio for modern furnaces 
is 0.7 to 1.0 sq. ft per ton of iron melted per hour, and 
in the open hearth steel smelting furnaces the ratio: 
area of slag contact 


is 20 to 30. In modern rapid 


metal refined per hour 
practice in large furnaces the ratio is tending to in- 


crease, shallow baths and large area of slag contact being 
necessary for intensive outputs. 

The more viscous and light the slag, the greater is 
the need for large contact area. During mechanical or 
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natural agitation the heavier slags penetrate the metal 
surface in direct proportion to their density. In the 
heavy yet mobile puddling slags the rapidity of the re- 
fining action is readily explainable and the low viscosity 
combined with the continuous hand or mechanical rab- 
bling promotes better contact between the. meta! and 
oxide particles. | 

It can be shown that in the alloving of silicon with 
iron through contact of the carbide of iron with the silica 
of the slag, in the blast furnace process, the relative sur- 
faces of contact of these two constituents are as 1: 1.26 
approximately, whereas in the decomposition of Fe.Si 
in the refining operation of puddling, the ratio of contact 
areas between Ite,Si and the oxides FeO.Fe.O. is as 
1:1. Hence it follows that more homoveneous inter- 
actions occur in the latter process. It is interesting to 
note that the 
area of slag contact (sq. ft.) 

a ts about 50, twice 

metal refined per hour (tuns) 
that of the open hearth steel process, the arca of contact 


being sufficiently large to enable efficient washing and 
rabbling of the metal and slag to be carried out. 
WITT. It is instructive to trace the successive series 


ratio: 


of iron (liquid crystalline) deposition in the refining pro- 
cesses. 

In Table 3 the possible order of iron crystalline depo- 
sitioil is shown in three well-known variations of the 
open hearth steel making processes. 

The first stage of the operation in each case is that 
of melating the charge. In the liquid thus formed are 
the primary crystals (melted or as liquid crystals) orig- 
inally present in the pig iron or steel scrap. The next 
iron addition to the bath is due to the decomposition of 
Fe.Si, the Si entering the sag and berating the iron of 
the silicide, coincidently there being added to the liquid 
mass free iron reduced from the iron oxides of the slag. 
Manganese carbide is next attacked by the slag oxides 
and MnO enters the slag, being displaced by pure iron 
reduced from the iron oxides in the slag. After this 
comes the carbon elimination, the carbide Fe.C on de- 
composition yielding its fe to the bath and simultan- 
eously adding pure iron reduced from the iron oxides in 
the slag. Finally when iron ore (I*e.Q,) in excess of 
purely refining requirements is added to the slag, further 
iron is reduced and makes the final contribution to the 
mass of refined metal. The analyses and estimates given 
in the table are only approximate but are believed to 
offer a comparative view of the order of iron crystalliza- 
tion during refining in the three types of steel making. 
Whether the iron increments are actually hquid crvstals 
is as yet Open to question. 


Table 3. 
Analyses of 
materials. Cc. Si, Mon. Fe. Ke:O: SiO:. S & P 
% % % oF Co Co 
Pigiron.... 38 15 O08 99 — — not estimated 
Steel scrap... 02 O1 07 M0 —. — 
Ore ......08. = = — — 66 100 — 
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‘Pig and ore process—charge 75% pig 25% ore. 
(1) Primary crystals in pig iron = 30.5 initially present in 
pig iron. . ses 
(2) Iron crystals from Fe:Si decomposition = +.3 refining o! 
silico-ferrite. 


Iron crystals from slag reduction = 3.3 silico-ferrite. 
(3) Iron crystals from MnsC decomposition = 0.7 refining ot 
eutectic. 
(4) Iron crystals from FezsC decomposition = 40.0 cutectic. 
Iron crystals from slag reduction = 9.6 eutectic. 


(5) Iron crystals from ore reduction = 11.6 alloying by iron 
reduced from ore. 


Pig and scrap process—charge 50% pig, S0¢e steel scrap. 


; Per cent 
(1) Primary crystals in pig iron ...............-00-- = 15> 
(2) Primary crystals in scrap iron ...............-5- = H¢ 
(3) ‘Crystals from Fe:Si decomposition ............ = 
‘Crystals from slag reduction .................. a 

(4) Crystals from Mns decomposition .............. a 18 
(5) Crystals from FesC decomposition ............-. Se 
Crystals from slag reduction ................-.-. a 

Pig, scrap and ore process—charge % of each. 

Percent 

(1) Primary crystals in pig iron ...............0.-05. = j4f 
(2) ‘Primary crystals in scrap iron ...............--- = 345 
(3) Crystals from Fe:Si decomposition ............ =. 24 
Crystals from slag reduction ................2055 = If 

(4) Crystals from Mn:C decomposition ............ = 35 
(5) Crystals from FesC decomposition .............-. = 0 
‘Crysitals from slag reduction .................-.. = 45 

(6) Crystals from ore refining ...................05. cea Ui 


Bessemerized metal low in carbon content anc 
containing considerable quantities of occluded gases 
and oxide particles 1s much higher in temperature than 
the blast furnace metal to which it is added. The super- 
heating action on the latter metal lays the unstable car- 
bon and silicon as carbide and silicide of iron open to a 
secondary refining action. Some of the graphite is 
probably oxidized and iron oxide from the Bessemer 
metal becomes reduced within the mass. The result 1s 
a lower carbon iron with smaller nucleus of graphite 
than is fonnd in hot blast pig irons. 

The open-hearth iron, melted and refined under higi 
superheat conditions, unassisted by artificial rabbiing 
and agitation, has a finer crystallization than the pud- 
dled iron, which is refined at lower temperatures. This 
latter action, carried out in a hearth which it itself com- 
posed of active reducing oxides, must obviously tend 
to a coalescence and welding of adjacent iron grains or 
crystals which is impossible in a bath where the refin- 
ing action proceeds by way of contact only with a super- 
incumbent slag of low specific gravity and high viscos- 
itv. It goes without saying that the question of crys- 
talline metallic structure is inseparably connected with 
the slag functions. Micrographic analysis cannot reveal 
the true character of the boundary films, the process ul 
polishing the slag inclusions being altogether unsatis- 
factory when it is desired to reveal the characteristic 
structures at high powers of magnification. It would 
appear to be, therefore, of increasing importance tu 
study the crystalline boundary problem in the light ot 
the foregoing conclusions, bearing in mind the tacts 
that the crystals or crystallites begin to grow in a 
liquid carrying oxides, slaggy, gaseous, or metallic. 


Elements of Roll Pass Design 


Rules Presented in Previous Articles Applied in Roll Investiga- 
tion—Roll Passes Designed to Fill or Slightly Underfill—Bending 
and Torsion Stresses in Roll Computed. 

By W. TRINKS. 


The purpose of the present installment is to in- 
vestigate a given roll, lay out the passes for it in such 
a way that they just fill, or slightly underfill, and to 
compute bending and torsion stresses in the roll. 

The roll selected for this purpose is a strand roll, 
shown in Fig. 1. It does not cover latest practice, 
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in picking out the pass which probably produces 
greatest bending stress, and the pass that produces 
greatest twisting stress in the rolls, and in roughly 
computing the greatest stresses. For that purpose the 
exact depth of each pass need not be accurately 
known, because the factor of safety which must be 
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Fig. 1—Dimensions of roll used as example. 


but that does not matter, because we are here con- 
cerned with elementary principles only, and for these 
the roll of Fig. 1 is very well suited. Strand rolls are 
usually made of cast iron, very seldom of steel. The 
stresses will, however, be investigated for both ma- 
terials. 

The dimensions of the roll are clear from the 
drawing. There are, of course, two additional rolls, 
like the one shown, used in a three-high mill. The 
passes are far apart to allow room for the guides. In 
order not to complicate matters, the distance required 
between the passes by the guides and guide boxes will 
not be discussed here, but will be taken as given. 
Ovals and squares alternate from beginning to end 
of the roll. 

The first step is to compute roughly the strength 
of the roll. The second step is to lay out the passes 
in conformity with the first part of the calculation. 
The third and last step is to figure the strength of the 
roll more closely on the basis of the information ob- 
tained from the second step. In the carrying out of 
these calculations, some tedious detail work cannot be 
avoided, but it is hoped that those who are really in- 
terested, will take the trouble to follow the calcula- 
tions. 

The preliminary calculation for strength consists 
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allowed on account of variation of temperature and 
composition of steel readily takes care of slight 
changes in diameter. <A brief consideration tells us 
that, in the roll under consideration, either pass (1) 
or (2) or (3) produces the greatest stress. From 
pass (4) on, the forces rapidly become smaller and 
the roll becomes stronger. 

For those who may not be familiar with all of the 
information given in previous installments, it may be 
mentioned that separating force equals projected con- 


Inch 4 


Section 
entering rolls. 


mass Center 
of area (1)(2)(3) 


Fig. 2—Sections entering and leaving pass, showing relative 
deformation. 
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tact area times pressure between steel and rolls. Be- 
yond pass (3) in this roll the projected area becomes 
very small, while the pressure increases only slightly. 

Detail calculation shows pass (2) to be the weak- 
est as far as bending stresses are concerned. For that 
reason a sample calculation will now be given for 
that pass only, although in practice the same calcula- 
tion must be made also for passes (1) and (3) so as 
to find out which is the weakest. In the second pass 
the diameter of the roll at the bottom of the groove 
is about 10.2 inches, which makes the section modulus 
for steel equal to 106 in. %. 
For cast iron the modulus 
ranges from 1/6 d* = 177. up 
to. 2/75 a =.212-Ain.. *;) -de- 
pending upon the _ elastic 
properties of the cast iron. 
However, the shape of pass 
(2) is that of a nick or notch 
with slightly broken or 
chamfered corner, which 
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multiplies the stress locally 
by 4 or 5. Let P be the al- 


Section Y. IV 


45000 x 106 
7.11 P = ————————— for steel. 


5 
From these equations follows: 

In the case of a cast iron roll the force P which 
will just break the roll equals 125,000 pounds. In the 
case of a steel roll, the force which will strain the 
roll beyond the elastic limit is 133,000 pounds. The 
ultimate strength of the steel roll is, of course, much 
greater. While the cast iron roll 1s broken, or at 


least cracked, by a load of 125,000 pounds applied once, 


a load of 133,00 
pounds applied to 
the steel roll will 


Vv i Ge simply cause the 


outermost fibres 
to stretch beyond 


lp the elastic limtt, 

Y é; and the roll to ac- 

quire a slight per- 

pp manent set, which, 
JE however, as it re- 


volves, is straight- 
ened out. The 
steel roll will 
stand repeated ap- 
plication of forces 
exceeding 133,00 
pounds for some 
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Fig. 3—Square of pass two entering oval of pass three. 


lowable force tending to separate the rolls; 
then the allowable bending moment for pass 
9.3 X 30.5 


(2) is M = ——— P = 7.11 P, where 9.3 inches 
39.8 


and 30.5 inches are the distances from pass (2) to the 

supports of the roll. But the moment equals stress 

times section modulus, so that we have for cast iron 
25000 < 180 


7.11 P = ——————,, and 
5 
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time, before cracks appear. A factor of safety of three 
reduces the allowable separating force to 41,700 pounds 
for cast iron, and to 44,300 pounds for steel. 

To ascertain whether or not this force is exceeded 
in the use of the rolls we must form the product: Proj- 
ected contact area times pressure between steel ané 
rolls. From Fig. 4 it is apparent that the shape ol 
the projected area for an oval entering a square on 
edge is roughly parabolic, so that we have area = 
2/3 base X height. For pass (2) this becomes prv- 
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jected area = 2/3 X 1.35 X 2.1 = 1.9 square inches. 
The pressure between the steel and rolls follows from 
the temperature and from the velocity of deformation. 
Let the temperature be 2,100 deg. F., which is about 
right for the second pass. Let the peripheral speed of 
the roll at center of grip be somewhere between 700 
and 1,000 feet per minute, then time T of deformation 


is about 1/60 second; log | F) (see Fig. 2) is about 


log, (H/h) 
equal to log, (2.1) = .74 so that is some- 


where between 36 and 50. But for this great rate of 
deformation the pressure reaches its maximum value 
of 18,000 pounds per square inch, (see Fig. 1 of No- 
vember installment). Hence separating force equals 
1.9 X 18,000 = 34,200 pounds. This is very near the 
allowable force of 41,700 pounds, and is close enough 
not to make any change in the 
design of the roll. 

As before mentioned, the 
other passes produce smaller 
stresses in the roll. 

In the design of the passes 
it is usually known from pre- 
vious experience how to lay 
out their shape so that they 
will just fill or slight- 
ly underfill. In the 
present example, the 
shape of the passes 
will be assumed and 
then an analysis will 
be made to investigate 
how they fill. 

Fig. 3 represents 
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‘section-lined vertically, whereas the metal added by 


lateral spreading has been section-lined horizontally. 
In section I the bar just touches the roll. In section 
(2), some compression has taken place. Since the 
pass is symmetrical, we need consider % of the pass 
only (if we abstract from the small difference of diam- 
eters between upper and lower rolls which is used to 
hold the bar against the guard). Then dgef is the 
displaced area. This area goes partly into elongation 
and partly into spreading. To decide which percent- 
age goes into one and which into the other, careful 
judgment must be used, taking care of all the in- 
fluences explained in previous chapters. 


Keeping in mind the fact that material gives way 
in the direction of least resistance, we must study sec- 
tion II in connection with the plan view of the pro- 
jected area. Pushing the material ahead is difficult on 
account of the great 
amount of _ friction 
ahead. Spreading 
would, therefore, be 
just as great as elon- 
gation, if section (2) 
were flat. It would 
be greater than elon- 
gation, if the section 
were curved opposite 
to what it actually 1s. 
But the present curv- 
ature; small as it 1s, 


Y lv WU. 
Fig. 4—Oval from third pass entering square fourth pass. 


such an investigation, showing how the material is 
deformed when the square of pass (2) enters into the 
oval of pass (3). The upper part of the illustration 
shows the projected contact area; also part of a cross- 
section through the roll at the pass, with the enter- 
ing bar. The total draft was divided up into four 
equal parts, and sections I, II, III, IV and V were 
made at right angles to the bar through the points of 
equal draft. These sections through the roll, together 
with the shape of the bar in the preceding sections 
form the bottom part of the illustration. In each sec- 
tion the metal displaced by direct squeeze has been 
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somewhat reduces spreading. Another factor must 
be considered, namely, the distribution of stresses at 
entrance, between sections I and II. At top and bot- 
tom tension occurs, whereas in the center there is 
compression. Consequently any spreading tendency 
which might exist in the section marked tension, is 
counteracted by lateral contraction caused by said 
tension. This still further reduces spreading. We, 
therefore, judge that 1/3 of the deformation goes into 
spread, and 2/3 into elongation. Consequently 1/3 of 
area dgef was placed on the side of the bar, see curve 
gh. Spreading is, of course, greatest in the center, be- 
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cause there we have both up and down compression, 
and front and back compression. 

Shape hge is now transferred to section III. Con- 
ditions here are very similar to those existing in sec- 
tion II, with the exception that resistance to elonga- 
tion 1s somewhat less than at section II. The portion 
of the deformation going into spreading will, there- 
fore, be 1/3, or a little less than 1/3, say 1/3.5. This 
fraction of the vertically section-lined area was trans- 
ferred to the side, care being taken to place a little 
more in the center (m, h’) than at the top (k, g’) on 
account of the restraining influence of the curvature. 
The same process is repeated at sections IV and V. 
The more we approach the latter section, the smaller 
is the resistance to elongation, as explained in pre- 
vious installments, while the resistance to spreading 
grows on account of the growing influence of the 
curvature. Hence the spreading ratio was taken to 
be % in section IV and 1/4.5 in section V. The final 
shape of the bar is indicated by the curve np, which 
indicates that the bar does almost, but not quite, fill 
the pass. The design is correct. 

In this investigation the spring of the rolls, due to 
deflection of roll and housing, has been neglected, for 
the sake of simplicity of explanation. In practice, it 
must be taken into consideration. 

Pig. 4 illustrates in exactly the same manner, how the 
bar after leaving pass (3) enters pass (4). From the 
shape of the projected contact area one may expect a 
great deal of spreading, but the wedge-shaped grip of 
the rolls tends to prevent spreading. The following rea- 
soning was used for the different sections: In section II 
the part lying above the dotted line cannot spread, be- 
cause it is held together by the wedge grip of the rolls. 
-The part below the dotted line spreads more than it 
elongates, on account of the shape of the projected 
contact area. Taking both together we judge that 
with regard to the whole area, spreading equals elon- 
gation. Hence % of the vertically section-lined area 
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was added to the side of the bar. In section III the 
wedge shaped grip which prevents spreading extends 
farther down, forward resistance decreases, and the 
width of the section grows. Hence we add 1/3 of the 
displaced area on the side. In section IV, we have 
reduced this fraction to 4. In section V, the wedge 
shaped grip extends almost all the way down; there 
is practically no resistance to elongation. Hence there 


is hardly any spreading. The ratio has been reduced 


to \%. 

For the purpose of a final checking calculation for 
strength, it is found that the projected contact area of 
pass (2) equals 1.84 square inch. This is so close to 
the value used in the preliminary calculation that it 
need not be repeated. There is some torsional stress 
at pass (2), but it is small compared to the bending 
stress. 

Torsion becomes of importance at the roll neck. 
and particularly at the wobbler. Using the methods 
explained in the November issue, we find the torsional 
stress as follows: 

Torsional moment due to deformation of steel in 
first pass = pressure X projected area X lever arm = 
18,000 X 5.6 X (.7 & 3) = 212,000-pound-inches. Roll 
neck friction work is, in rolls of this kind, from 50 to 
70 per cent of the total work, depending upon lubrica- 
tion; hence total torsional moment will be somewhere 
between 424,000 and 710,000-pound-inches. With 
equivalent-strength diameter of wobbler equal to 6.60 
inches, the torsional modulus equals 56.5 inches °. 
Hence the stress will he between the limits of 7,500 
and 12,500 pounds per square inch. This is quite per- 
missible for steel, but 1s fairly high for cast iron. It 
an additional roll is driven through the same wobbler. 
it should be a lightly-loaded finishing roll only, because 
the possibility exists of having steel simultaneously 
in pass (1) of the present roll and in the finishing roll. 
This coincidence will, of course, raise the stress in 
the wobbler to a still higher value. 


Measuring Air Delivered by a Turbo Blower 


Combination of Standard Orifice and Pitot Tube Used for Ac- 
curately Measuring Air Delivered from Turbo Blower to Blast 
Furnace—Static Pressure Measurement Eliminated. 


By THOMAS G. ESTEP, JR. 


When the reciprocating type of compressor is used 
for furnishing air for blast furnaces, no devices are 
absolutely necessary for measuring the volume of 
air delivered. All that is necessary in order to obtain 
a close approximation of the quantity of air is the dis- 
placement of the compressor and the volumetric ef- 
ficiency. The latter factor is an uncertain one, de- 
pending upon the clearance of the compressor, the 
ratio of compression to supply pressure and the leak- 
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age through valves and around the piston. The 
volumetric efficiency can, however, be estimated very 
closely and the volume of air delivered by the com- 
pressor can be determined accurately enough for all 
practical purposes. Even if anv of the various meas- 
uring devices were used in connection with recipro- 
cating compressors, the results would be in error, due 
to the pulsations in the flow. 

The advent of the turbo blower for furnishing 
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air for blast furnaces has presented a new problem 
to engineers. It is very essential that the volume of 
air delivered to the furnace be known at all times and 
it is even desirable that a continuous record of this 
quantity be obtained so that a comparative study of 
the furnace operation can be made. 

_ The blower itself does not give any means of mak- 
ing this determination as does the displacement com- 
pressor so that some other means must be employed. 
Due to the fact that the turbo blower produces a 
steady flow, any of the approved methods of measur- 
ing gases can be used, the only question being to se- 
lect the most suitable, accuracy and simplicity being 
the predominating features. 

A pitot tube placed in the intake pipe would at 
once suggest itself,as being a simple 
and accurate means of measuring the 
volume of air and such installations | 
have been made which are giving uni- 
formly satisfactory results. There are. 
however, certain factors which must 
be taken into consideration before such 
an installation will give reasonably ac- 
curate results. 

The intake pipe is usually made up 
of riveted steel plates of which the in- 
ternal diameter may not be uniform. 
The ring seams may cause eddy cur- 
rents which would influence the flow 
and in certain cases, the intake pipe 
may be so short that the flow does not 
become umform before being mea: 
sured. 

If the intake pipe is long enough 
and the diameter accurately deter- 
mined at the point of insertion of the 
pitot tube and then a traverse of the 
pipe is made so that the tube can be 
placed at a point which will indicate 
average velocity, the quantity of air 
flowing will be determined accurately 
enough for all practical purposes. 

The most satisfactory installation 
seems to be a combination of a standard orifice and a 
pitot tube. The standard orifice can be placed in the 
end of the intake pipe, directly under the hood and 
the pitot tube used to measure the velocity of the air 
leaving the orifice. Aside from the great accuracy of 
such an installation, which is of first importance, it 
has the following advantages: 


Practically no changes are required in the intake 
pipe. The hood may have to be raised a little in order 
to install the screen and to give a free inlet to the 
orifice. Some tests made at the laboratories of the 
‘Carnegie Institute of Technology showed that if the 
hood was at least one-fourth the diameter of the pipe 
away from the orifice it would have no influence on 
the flow. 
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Showing arrangement of air in- 
take, nozzle impact tube and re- 
cording instrument. 


The orifice being located in the end of the pipe, 
the velocity of approach is zero, which means that the 
chart of the recording mechanism is more easily con- 
structed. If the orifice were placed somewhere in the 
pipe, it would be necessary to take into consideration 
the velocity of approach which is an added complica- 
tion to the calculation of the quantity flowing. 

With the orifice located in the end of the pipe, 
static pressure determinations are not necessary, SO 
that the pitot tube in reality becomes a simple impact 
tube with just one connection to the recording device. 
This eliminates entirely the much-discussed question 
of how to measure static pressure correctly. 

The length of the intake pipe has no influence on 
the measurements. . 
If the orifice diameter bears the 
proper relation to the pipe diameter, 
the loss in pressure is negligible. The 
orifice itself converts a certain amount 
of pressure into velocity and then as 
the fluid issues from the orifice, a trans- 
formation from velocity to pressure 
begins, but due to eddy currents which 
are produced, not all of the velocity 
is converted into pressure again. 

It is impossible to derive a correct 
mathematical formula for this loss, but 
a great many years ago, Carnot pro- 
posed an equation for this loss which 
checks very closely with experimental 
data. The formula is as follows: 


(V, Ped V,)? 
: 2g 


Where V, = velocity of fluid in pipe, 
feet per second. 


Jost head = 


V. = velocity of fluid in ori- 
fice, feet per second. 
gy = acceleration due to grav- 


ity, feet per second. 


The lost head is in feet of the fluid 
being .measured. 
Tests were made at the laboratories 


of the Carnegie Institute of Technol- 
ogy which-showed that this equation will give fairly 
close results. When the velocities are low, the calcu- 
lated loss is too high and when the velocities are high, 
the equation gives results too low. Over the range of 
velocities used in the tests, the variation of the actual 
and calculated loss did not exceed 7 per cent. 
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If an orifice diameter of about six-tenths of the pipe 
diameter is used and the lost head reduced to actual 
additional horsepower required to drive the turbo- 
blower, we find that it amounts to less than one-half 
of one per cent, which is certainly allowable. 

Several installations of this kind have been made 
by the Bacharach Industrial Instrument Company, of 
Pittsburgh, and are giving excellent satisfaction. 


Reinforcing Bars Rolled from Old Rails 


Describing the Process of Slitting and Rerolling Old Rails Into 
Bars to Be Used for Reinforcement—Consideration Being Given 
to Practical Methods of Rolling and Roll Turning. 


By W. S. STANDIFORD. 


The use of concrete as a building material has cre- 
ated an extensive demand for steel re-inforcing bars, due 
to this constant demand a number of mills are engaged 
in their manufacture. Most mills make their re-inforcing 
bars out of Bessemer steel. Other things being equal, 
the steel having the highest elastic limit or yield point, 
will be the most satisfactory for re-inforcement. 

As soon as the elastic Itimit of any re-inforcing bar 
is reached, the metal stretches, rapidly decreasing in 
section, drawing loose from the concrete and destroying 
the monolithic bond existing before this point is reached. 
Therefore the safety of the entire structure is indirectly 
proportioned to the elastic limit of the steel used. The 
elastic limit of the old rail is 50,000 to 60,000 pounds 
per square inch, in either twisted or plain bars as com- 
pared with an elastic limit of 25,000 to 30,000 pounds 
for the ordinary bars. From the foregoing, it will readily 
be seen that re-inforcing bars made from old steel rail:. 
with 80,000 pounds minimum tensile strength are far 
superior for all kinds of concrete work. The rails used 
to make these bars weigh 1100 pounds per yard, and only 
the head is rolled, the flange and web generally being 
used to make small flat steel bars and angles. The rails 
after long use are sold as scrap by the railroads and can 
be bought cheaply. An occasional sliver will be found 
on the surface of the head of the rail, which must be cut 
off with a cold chisel, as it will not weld in the re-rolling 
process. 


The head is separated from the web by cutting the 
metal lengthwise in shears, or cutting the steel while it 
is hot, in slitting rolls, the 
head being cut at the fillet, 
as shown in Figure 1. The 
illustration also shows 
where the web and flange 
are separated, it being cus- 
tomary to remove the 
flange at the same time so 
as to save re-handling. In 
this manner three sets of 
bars are secured for mak- 
ing different sections. The 
rail heads are cut into bii- 
lets of the desired length, 
put into a heating fur- 
nace and evenly heated. (There are two styles of milis 
used nowadays, continuous and the ordinary guide mills. 
If the rail head is to be rolled in a continuous mill, it is 
cut either cold or hot, the whole thing depending upon 


Fig. 1.—Rail showing places 
where it is to be cut length- 
wise. 
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the ideas of the mill management. Rails can be cut 
while cold, but it is better practice to slit them while 
hot, in a slitting mill; as the metal is crystallized and 
dulls the cutting edges of the cutting knives when they 
are cut cold. It is necessary for the ordinary guide mill 
to cut the rail head into such lengths as best suits the 
furnace designs, which is essentially different from the 
continuous mill furnace. It is also necessary for the cut 
rail head billets to be reheated, as guide mills are slower 
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Fig. 2—Three-high roughing rolls. 


in Figure 2. Tlhese rolls are used for breaking down 
billets of various sizes to make different shaped steei! sec- 
tions. Box and edging passes are put in so as to take a 
4x4 inch bijlet, and reduce it rapidly on account of the 
heavy draft allowed by these passes. Diamond and oval 
passes will reduce steel very rapidly and allow heavy 
drafts, but not for iron at the start of rolling box piles. 
Inasmuch as iron is not capable of the heavy drafts that 
steel will stand, most guide mills use box piles or faggots 
as they are termed. These consist of a square box hav- 
ing sides made out of flat bars, the interior of the box is 


- filled with the ends of round bars, the whole box being 
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bound with wire or band iron. Box passes reduce these 
piles very rapidly. If they were put into an oval groove at 
the start, the molten metal between the interstices of 
the bars squirts out and is wasted, besides many a 
rougher has lost his eyesight as a result of using this 
form of pass for iron. This is the reason why most mills 
in working bars as compared to continuous mills, the 
billets getting colder quicker in the guide rolls.) They are 
then ready for rolling in the guide roughing rolls shown 
use box pass rolls for iron manufacture. For making 
34 of an inch rounds, iron billets are used at the start, 
they being reduced rapidly in diamond and oval passes. 
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But even at that the drafts are not as great as stee! is 
capable of standing in diamond and oval passes. 

The use of a 4x4 inch billet also allows 
longer finished bars to be delivered by the rolls. 
Passes of this size are put into” guide rough- 
ing rolls for this reason, although they are only 
occasionally used for other orders than concrete 
bars. The box and edging passes are not used 
in reducing the rail head billet as the latter is too sinall 
in sectional area to enter the latter passes. For the above 
reason, these passes are not used in reducing the rail 
head billet, the latter being put into one of the angle 
passes in the rolls. The 100 pounds per yard rail head 
billet is about 21% inches wide across the top and the 
thickness at the widest part in the center of the ‘head at 
the cut fillet averages 15% inches. The roughing roll 
angle passes have angles of 9% degrees with fillets in 
their bottoms, ranging from 34 of an inch wide down to 


Fig. 3—Strand roll pass layout. 


Ye of an inch. In the illustration the full number of 
angle grooves are not shown. The rail head billet is in- 
serted into a suitable angle pass in an upright position, 
guides being used. to prevent it from turning over in the 
pass. The object of placing the ‘bar in an upright being 
to force the bar to assume the shape of the pass. This 
Causes it to enter the other grooves more easily. Inas- 
mach as the bar has a rectangular shape it is necessary 
to repeat the upright insertions in three different sized 
grooves, before it can be made to assume the shape of 
the angle passes in the rolls. This is due to the extreme 
hardness of the metal in the old rails, thus making light 
drafts necessary at the start of the rolling. 

Most oil rail steel after long service changes its 
Structure from a fibrous to a crystalline nature. Re- 
rolling restores the fibrous characteristic, putting it in 
normal condition again. After the bars go through 
three passes in an upright position, they assume the 
Shape of the angle passes, this allows the rougher to 
turn the bars over on the sides, and thus work the part 
that lies near joints of the rolls. All angle grooves 
mostly work the bars on the bottoms of the fillets, the 
object of having fillets in these passes being to work the 
metal on the corners of the bars as much as possible, 
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there being no work done on the parts of the bar that lie 
near the joints between the rolls. In both the roughing 
and strand sets of rolls, the use of fillets in the bottoms 
of the grooves, compresses the metal on the corners of 
the bars. 

When the bars assume the shape of the angle passes 
in the roughing rolls, they are turned over on their sides 
and put through each succeeding smaller pass. They 
are then ready for the strand rolls illustrated in Figure 
3. The passes are more closed in on these chilled iron 
rolls, their angles being 92 degrees. The fillets are also 
smaller in order to make sharper corners on the finished 
square. Diamond grooves are only capable of sustain- 
ing a limited amount of draft. When the fillet is too 
large on the strand bar, the pass area will not be com- 
pletely filled, and rounded corners will result on the top 
and bottom of the diamond pass. The steel bar is now 
transferred from the roughing rolls to the strand ones, 
and reduced to a 1% inch size. The bar is run through 


Fig. 4—Diamond roll passes. 


the last pass twice, it being turned over at.a right angle 
to its previous position before it is run through the last 
time. This is done ii order to make a perfect square. 


If the strand bar were not square in cross-section, 
the extra metal would squeeze out in the diamond pass 
at the joints of the rolls, thus the heavy fin would double 
over and show a lapping mark on the finished square. 
There is also danger of the collars between the diamond 
passes breaking out when any pass is overfilled. The 
writer has seen many roll passes rendered useless by 
incompetent rollers carelessly setting and handling the 
rolls. The steel strand bar being rolled to size, is now 
ready for the diamond rolls shown in Figure 4. These 
rolls, unlike the roughing and strand rolls, are two-high. 
It is only necessary to run the strand bars through the 
diamond pass once. Diamond groove angles vary from 
97 degrees to 110 degrees, the variations of different 
degrees of arcs ‘between the above mentioned angles are 
used to suit the individual requirements of the mill. The 
requirements referred to are engine power, methods of 
heating, the temperature at which the diamond bars are 
run through the finishing squares, and other local fac- 
tors, all of which have a most important bearing on the 
tonnage output of the mill. The grooves commonly 
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used and put into the diamond rolls by the roll turner 
are as follows: 4, %, %, 9/16, 56, 11/16, 34. %, 

1% inches. 
iength it is customary in some mills to ‘have the smaller 
But it is 
best to have as many different sizes of passes as possible 


Due to the rolls not having a long os 
sized grooves put into a separate set of rolls. 


in one set of rolls. This reduces the changing of rolls 


to a minimum and increases the output. The greatest 
loss of time in the average rolling mill is due to the fre- 
quent changing of rolls. 


Diamond passes having 10+ degree angles are used 
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Fig. 5—The square rolls or finishers. 


in forming the square for manufacturing the re-inforced 
concrete bars. The total width of the diamond bar to 
make a one-inch square is 15% inches the thickness being 
1% inches measured over the top and bottom corners 
of the bar. The size of the diamond har as given above 
is subject to sight variations in size of the roller, who 
raises or lowers the rolls to suit the working of the inetal 
in the rolls, the roller’s chief concern is to see that the 
passes are filled out to nee utmost area without over- 
filling. 


The action of the diamond roll groove on the strand 
bar 1s very uniform, the strand bar being inserted wit! 


two of its square sides fac- 
ing the top and bottom of 
the diamond pass, instead 
of the fillet ends of the 
strand bar facing down- 
wards towards the sharp 
edges of the centers of the 
pass. Of course the strand 
bar could be inserted in 
the above mentioned posi- 
tion and still make a good 


at _ appearing diamond bar. 
Fig. 0—-Position of the dia- nit it is better to place 
mond bar in the square oe houeee 
pass. the strand bar with its side 


facing upwards, instead or 
a nilet facing towards the bottom of the pass for the 


following reason: As the bar has been rolled mostly on 
the angle in the strand passes it is better to change the 
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angle at which the steel is reduced in order to make the 
metal more fibrous. Hence the advisability of having 
the strand bar enter the diamond groove in an upright 
position. It is an axiom of good rol! designing, that 
frequent changing of the rolling position of iron and 
steel bars in passes makes the metal more fibrous in na- 
ture; and the fibrous condition of these metals is what 
enables them to withstand strains and rough usage. 


In the diamond groove, the metal of the strand bar 
meets the slanting sides of the pass as it is inserted in 
an upright position, and the flow of the metal is forced 
toward the center of the pass. This causes an entirely 
different structural change in metal. As the bar is now 
near the finishing pass in the square rolls, its elastic 
limit and tensile strength is very nearly up to the maxi- 
mum limits of the metal, and the finishing touches are 
given the bar in the square rolls illustrated in Figure 5. 
The grooves in these rools have an angle of 90 degrees 
so that the finished bar will leave the rolls easily with- 
out shearing the metal. 


By putting square grooves in on an angle, all chances 
of shearing are avoided, the rolls working very nicely 
and making an accurate sized bar if the roll turning and 
roll setting have been carefully done. It is a fact, that 
no matter how accurately the passes have been cut intc 
the rolls by the roll turner, if the roller is incompetent 
or careless, he can by his handling of the rolls, make a 
faulty sized and bad looking bar, the blame of which he 
naturally puts on the roll turner. The latter if he under- 
stands his business, then goes out into the mill and sets 
the rolls so that they will make good bars. This wastes 
the roll turner’s time, which should be spent in turning 
rolls and not in the mill doing other people’s work. 
Faulty bars are made by not having the strand pass 
filled out properly, unequal sized corners on the strand 
bar; and the diamond pass bar not containing enough 
metal to make a good square. The square passes in the 
rolls being crossed (that is when the edges of the passes 
are not in line with one another) and the temperature 
at which the diamond and square bars are rolled, also 
has a most important influence in the making of a good 
finished product. For instance, if the diamond bar is 
inserted into the finishing square pass at too high a 
temperature, the metal being in a very soft condition, 
will be reduced too rapidly and overfill the pass, spread- 
ing out on the collars. If on the other hand, the cia- 
mond bar is too cold, it will resist the rolling pressure so 
strongly that it will not fill out the pass to its fullest 
aréa. Should the bar be unevenly heated by the heater, 
and contain some cold spots on it, the bars will be un-, 
even in size, some parts being larger in diameter than 
others. This is due to the fact that when the cold spots 
go through the rolls, the latter spring more than when 
rolling metal that has been evenly heated. 1f there are 
a number of cold spots on the bar, the finished product 
will be wavy in apearance and size. Thus the important 
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part that even heating plays in the manufacture of steel 
and iron is evident. 


In the square rolls, illustrated in Figure 5, the collars 
of the rolls are shown as touching one another. In ac- 
tual practice, the turning of the collars of the rolls are 
so arranged that the two end collars are 1/64 of an inch 
larger in diameter than the others, a small amount of 
light may be seen between the middle collars when the 
end ones are touching one another. The object of this 
is to prevent the narrow collars between the passes from 
breaking out (as chilled iron is a very brittle material) 
when they slam down on each other after the bar has 
passed through the rolls. The broad end collars take the 
shock of the spring. When a bar first enters the rolls, 
the later spring upwards, due to the wear on the threads 
of the housing screws, the latter taking to a large extent 
the shock of each bar as it enters a pass. The spring 
between a pair of rolls, which is allowed for in the turn- 
ing of the rolls, is 1/32 of an inch. As the end collars 
are made 1/64 of an inch larger in diameter than the 
others, it may be thought that the end passes next to 
the collars would be lopsided, thus having one side of 
the square longer than the other. In order to show that 
this view is erroneous, the methods of turning will be 
described. | 

The roll is first faced off level, then the passes are 
cut in to the correct depth with a tool having a 90 degree 
angle, dividers being used to make sure that each side 
of the square is equal in length. After all of the passes 
are finished, a facing off tool is put in the lathe. ‘This 
tool is of such length and so placed that its end projects 
14 inch over and on to the end collars. A small shaving 
of metal is then taken off the collars, thus leaving them 
all the same diameter with the exception of those por- 
tions of the end collars which extend nearest the necks, 


which are larger in diameter. The 1/64 inch of light 
between the middle collars of the rolls, added to the 1/32 
inch light caused by the spring of the rolls, makes 
3/64ths inch open space, which makes the light space 
between the collars 1/16 inch, this being the amount of 
distance between the collars of the rolls for a one-inch 
bar. It is necessary in all cases to have the hot size of 
the finished square larger in diameter than when it 1s 
cold. Now it is evident since the finishing rolls are 
apart when a bar is passing through, that the two cor- 
ners of the square at the joints of the rolls would be 


}lunt and rounded in shape if an ordinary strand bar was 


inserted directly into the square pass. Hence it is found 
advisable, in practice, to use a diamond shaped bar, and 
to put the latter into the square groove in a vertical 


' position. This places the sharp corners of the diamond 


bar in the square groove opposite the joints of the rolls. 
In Figure 6, the position that the diamond bar occupies 
in the square pass is represented in ‘dotted outline. It 
will be observed that the diamond bar does not quite 


_ extend to the corners of the square pass, and that it also 


is actually longer than the distance between the center 
corners of the square in the top and bottom rolls. The 
reason for this is the necesstiy of having a sufficient 
amount of draft on the diamond bar to just fill out the 
sectional area of the square pass in order to make a good 
bar. Since the corners on the diamond bar which faces 
the joints of the square rolls are already made, the 
change of angle from a diamond to a square keeps the 
corners of the bar sharp. This makes a perfectly square 
bar if the roller has used judgment in handling his rolls. 
When the metal is rolled in the finishing square grooves 
‘t flows into the hollow spots, thus forming knobs on 
the surfaces of the bars. 


Physical Analysis of Refractory Material 


Available Materials Not Found Wholly Pure—High Tenacity 

Much Desired Property—Resistance to Corrosion Also Important 

Feature in Selecting Refractory Materials—Other Discussions. 
By COSMO JOHNS, F. G. S.* 


Writers so rarely state exactly what they mean by 
refractory materials that a definition may not be out 
of place even though its terms may not find general 
acceptance. As the metallurgical process employed 
in the iron and steel industry involve heat exchanges, 
and high temperatures are necessary for most of the 
actions that occur, special materials are required for 
the construction of the portions of the furnaces, ovens, 
and vessels employed that are exposed to high temper- 
atures and are in contact with the solid liquid and 
gaseous substances taking part in the reactions. These 


* Presented at the British Iron and Steel Institute, 
May, 1917. 
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special materials are refractory if they are capable of 
fulfilling the structural duties required while sub- 
jected to the high temperature necessary for the pro- 
cess employed, and are themselves unaltered during — 
its progress. The conditions that prevail when metal- 
lurgical processes are being carried out vary so much, 
and the problems presented by the occurrence of slags 
sometimes basic and sometimes acid, of atmospheres 
now reducing and again oxidizing, call for so many 
mutually exclusive properties in the refractory ma- 
terial employed, that only an infusible and non-vola- 
tile substance, with no volume change during varia- 
tions of temperature, inert from a chemical standpoint, 
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and with sufficient structural strength yet a non-con- 
ductor of heat, would be considered ideal. No such 
substance is known and very probably does not exist. 
Hence any refractory materials employed in the metal- 
lurgical art will be the nearest approach available to 
the ideal for the particular process employed. And 
as metallurgical processes are in practice conducted 
on commercial lines, the refractory material employed 
will be that which enables a given unit of final pro- 
duct to be produced at the lowest cost. Fused silica 
and platinum are useful refractory materials in lab- 
oratory experiments, but are excluded from consider- 
ation in commercial processes for obvious reasons. In 
practice, therefore, the refractory material selected is 
never ideal and always a compromise. The purpose 


of this communication is to discuss the properties re- . 


quired in any refractory materials employed, to point 
out their importance with a view to stimulating re- 
search, and to invite those familiar with the needs of 
the iron and steel industry to amplify or correct the 
suggestions made. It is hoped that any research un- 
dertaken can then be applied in the direction most 
urgently needed and where the most immediate bene- 
ficial results can be obtained. At the same time any 
advances in our scientific knowledge of the properties 
of available refractory substances, even if not imme- 
diately applicable, will be welcome as the foundation 
of later progress in practice. 

Available Materials. 

With the exception of carbon, and its compounds 
with silicon, which have a limited application, the 
available refractory substances are chiefly the oxides 
SiO.,, Al,O,, CaO, MgO, Cr,O,, or mixtures of these 
with oxides of iron, K,O, Na,O, and traces of other 
substances, regarded as impurities, some of which 
may function as catalysts. 
are therefore strictly limited; they never occur in a 
state of purity in nature. Their manufacture into re- 
fractory products involves in many cases Sizing, ag- 
glomeration or bonding, and final heating to a temper- 
ature that varies according to the purpose for which 
the product is intended and the functions it has to 
perform. The problems that arise are not solved by a 
knowledge of the properties of the compounds men- 
tioned; they are complicated by the presence of im- 
purities and the varying nature of the bonding ma- 
terial employed. The final product, as delivered to 
the user, is always a mineral aggregate, often of great 
complexity. They possess no fusion point, but rather 
a range during which softening, at first incipient, at 
last, with increasing temperature, causes the material 
to fail to perform its functions. The constituents 
have varying melting points, and during heating they 
invert and new phases appear. Some inversions, in- 
volving serious volume changes, should be completed 
during manufacture, but often are not. This is not 
imputing blame to the manufacturer, for the temper- 
atures required for such changes are rarely known, 
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The materials available . 


and even when known as a result of experiments under 
laboratory. conditions, it does not follow that they 
apply to manufacturing processes. The art has been 
so long in front of the science of the refractory in- 
dustry that the most urgent need at present is for an 
expression,.in terms of scientific precision, of the most 
successful practice in manufacturing the refractory 
product and of the physico-chemical changes which 
take place when they are used. 


Tenacity and Compressive Strength. 

Tenacity and compressive strength at ordinary 
temperatures are valuable only in so far as they per- 
mit the refractory products to be transported and en- 
able them to withstand the structural stresses to which 
they are exposed when used. This is not difficult to 
attain. It is when the material is exposed to high 
temperatures that the value of these properties be- 
comes most important. The abrasion caused by the 


movement of solid substances while in contact with 


their heated surfaces is important, while the erosion 
caused by the passage of dust-laden gases at high ve- 
locities becomes scrious in time. Little or nothing is 
known of the conditions that favor or retard abrasion 
and erosion. High tenacity, which in most cases would 
mean that of the bonding or of the most fusible con- 
stituent, is most probably the desired property. It is 
the surface exposed to the highest temperature which 
suffers, for it is the one that is in contact with the 
moving solids, liquids, or gases. Compressive strength 
is rarely a cause of failure, for the bulk of the re- 
fractory material is at a lower temperature than the 
face and therefore less affected. There is, however, 
urgent need for accurate determination of the two 
properties under discussion at wide ranges of temper- 
ature for the more important materials under both 
oxidizing and reducing conditions. 


Corrosion Changes. 

Not less important than resistance to high temper- 
ature with concurrent abrasion and erosion is resist- 
ance to the corrosion caused by slag gases. The et- 
fect of acid slags on basic refractories and of basic 
slags on acid refractories are familiar, while a most 
striking example might be indicated on the marked 
corrosion of the silica bricks in the gas ports and up- 
takes in open hearth furnaces, due to the alternating 
passage of oxidizing and reducing gases with the re- 
sulting formation of fusible silicates. .A factor con- 
ducive to rapid corrosion in the last case is the ab- 
sence of large particles of silica in the bricks employed 
and the presence of excessive pore spaces. Here again 
little has been published and few observations re- 
corded. The effect of the alkalies found in certain 
coals on the refractories used in coke-oven construc- 
tion is serious, and here too little 1s known as to the 
real nature of the destructive influences at work. 


Volume Changes. 
Every element or compound used as a refractory 
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undergoes changes in volume during heating and cool- 
ing. Apart from the fact that these volume changes 
may, and do at times, cause disintegration with the 
consequent lessening of the useful life of the material, 
abnormal expansion causes structural difficulties, 
while contraction may be even more undesirable, per- 
mitting the passage of gases from one part of the fur- 
nace to another. In the case of coke-ovens the reten- 
tion of gas-tight partitions is absolutely necessary, 
and this involves the use of a refractory material which 
does not undergo appreciable volume changes. This 
apparent contradiction of the first statement simply 
means that a mixture of substances with volume 
changes of opposite sign are employed, viz.: clay and 
silica. But while the contraction of the burnt clay 
is fairly regular with increased temperatures, quartz, 
which is the form of silica found associated with it 
in nature, has an inversion point at which it becomes 
trydimite. In the presence of certain compounds this 
inversion takes place at a temperature lower than that 
at which coking is carried on. In their absence the 
inversion 1s retarded and does not take place until a 
temperature higher than that usual in coking practice 
is attained. 


Heat Conductivity. ° 

If the refractory material used possess a fusion 
point or softening range higher than the maximum 
temperature to which they are exposed, it would in 
most instances be desirable that they should be non- 
conductors of heat, for radiation losses would then be 
at a minimum. More often the prevailing temper- 
atures approach and sometimes exceed that at which 
fusion or softening occurs. In those cases it is nec- 
essary to encourage radiation from the surface farthest 
retnoved from the heated surface, in order to cause a 
steep temperature gradient from the heated to the 
cooler face. In special cases cooling devices are nec- 
essary to prevent the rapid destruction of the material 
employed. Good conductivity for heat is most de- 
sirable where the material is used to form walls which 
transmit heat from the burning fuel to the contained 
charge which is being heated. The melting of steel 
in crucibles and the coking of coal are instances where 
a refractory material with good heat conductivity is 
required. 


Texture and Porosity. 


These physical characteristics of refractory ma- 
terials determine in large measure their suitability or 
otherwise for particular duties. Owing to the com- 
plex nature of most of the materials used in practice 
their properties are not those of the simple minerals 
of which they are composed, but the resultant of va- 
riations which are sometimes of opposite sign and are 
always varying at different rates. The relative size of 
‘the grains employed, the extent of the surface exposed 
by the more resistant constituents to the others used 
as bond or matrix; are most important factors in con- 
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tributing to the ability of the material to perform use- 
ful service. Another point of some importance is the 
influence of mass in promoting or retarding inversions. 
Some of these inversions take place almost instantly 
once the critical temperature has been reached, but 
with others marked hysteresis occurs. Porosity must 
always occur when the refractory material is com- 
posed of more than one constituent, and where their 
chief volume changes are dissimilar or occur at differ- 
ent temperatures. Little is known of the effect of 
porosity on the properties of refractory materials. 
That the pores encourage the deposition of extraneous 
substances in the interior of the bricks, and that they 
render the structure permeable to gases, is of course 
obvious. 


Stresses Caused by Temperature Changes. 

The stresses caused by temperature changes are 
due to the volume changes which take place during 
heating. If the refractory material happens to be a 
good conductor of heat these are not serious, unless 
one face is rapidly heated and the distortion produced 
exceeds the tenacity of the material. The remedy 
available is to avoid rapid temperature changes, and. 
whenever possible to raise the temperature of the 
material during the burning stage of manufacture well 
above that at which the inversion to which the princi- 
pal volume change should take place, and to hold it at 
that temperature long enough for the inversion to be 
completed. The “spalling” of magnesite bricks which 
sometimes occurs has been thus explained, and it 1s 
certain that the excessive expansion of silica bricks 


. would be avoided if the manufacturer could insure the 


completion of the quartz-trydimite inversion during 
burning. Despite the considerable advances in our 
knowledge of the inversions of silica made recently, 
their bearing on the problems that face the manufact- 
urer are not yet sufficiently clear. 


Need for Further Research. 

Advances in the art of metallurgy are largely vondi- 
tioned by the nature of the refractory materials avail- 
able. The manufacture of these materials is based al- 
most entirely on empirical rules and the experience 
of the men employed. Such rules are the result of 
experiences gained during a century or more by a 
rude process of trial and error, but where there were 
but very inadequate means of correlation. The meth- 
ods employed to-day represent the survival of the fit- 
test by the searching test of commercial success, but 
it by no means follows that they represent the best 
attainable. Further progress, if made at all, can only 
be slow and uncertain, and by consent it is now ad- 
mitted that only by adequate and well-directed scien- 
tific research can such progress be accelerated. The 
first step—and in all probability the one easiest to 
take—would be to prepare specifications for the most 
important refractory products expressed in terms Ca- 
pable of precise measurement or description, basing 
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the specification on the best current practice. This 
would only be following the excellent example of the 
gas industry. But specifications at their best only 
serve to stereotype the best current practice of their 
day. These specifications should be the starting point 
of systematic research which should cover, not only 
the problems that occur during manufacture, but the 
occurrence in nature and characteristics of the raw 
materials. Their concentration and_ purification, 
proximate and ultimate analysis, mineralogical de- 


scription and thermal analysis are all points on which 
additions to our present knowledge would be of great 
value. But the refractory materials are so complex, 
and the problems involved are so difficult of direct at- 
tack, that any contributions to our knowledge of the 
properties of the pure minerals, or of the impure ag- 
gregates which are used in practice, would be wel- 
comed even if their immediate application did not 
happen to be possible. 


Electrical Reversing Blooming Mills 


Operation of Two Electrical Reversing Mills Compared—Data 
Concerning Tonnage and K. W. Hrs. Per Ton—Complete De- 
scription of Units. 

By RALPH D. NYE. 


The operation of reversing rolling mills by means of 
electrical drive is a subject to which considerable atten- 
tion has been given during the past five or six 
.Vears in this country. No doubt the -electrical engin- 
eers are familiar with the scheme of drive, employing 
the Ilgner system of control which has been used in 
a number of cases. The questions which are of particular 
interest to anyone connected with steel plant operation 
generally relate to details of construction and the 
reliability, efficiency, and ease of handling of an equip- 
ment. Therefore some data pertaining to and the results 
which have been secured from two typical installations 
may be of interest. We will refer to these as the number 
one and the number two equipments. 


The Number One Equipment. 

The mill in this case is classed as a 34-in. bloomer 
that is the mill pinions of 34-in. in diameter. The main 
rolls are 24-in. diameter and 84-in. long. This install- 
ation was laid out to roll a maximum capacity of 50 tons 
of ingots, size 18 x 20 in. and weighing about 5,500 Ibs., 
per hour. to finished billets averaging ! x 4 inches and 
using 21 to 23 passes. The estimated power constmp- 
tion with a mill rolling at an averave rate of 40 tons of 
ingots per hour to 4 x 4 billets was 21 kilowatt-hours 
per ton of ingot rolled. | 

This equipment consists of the following: _ 

One reversing motor having a single armature 144-1n. 
in diameter. 700 volts d-c., maximum torque capacity 
670,000 foot-pounds. Full field speed #1 *.p.m.. maxi- 
mum speed with weakened field about 100 ro.m. Motor 
is equipped with 24 poles having a coinpensating wind- 
ing and also commutating poles. This machine 1s separ: 
ately excited by two fleld windings, one operated from a 
constant potential exciter and the other from variable 
potential exciter. [Tt is arranged for forced ventilation. 


Paper read at The Association of Iron and Steel Electrical 
Engineers meeting, Philadelphia, September 1917, 
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One flywheel type motor-generator set made up of: 

1—1,500 horsepower induction motor, waund-rotor 
type, three-phase 2,200 volts. 60 cycle, 20 poles, full- 
load speed 350 r.p.m. This motor is controlled by an 
automatic liquid slip regulator. This regulator is oper- 
ated by a torque motor supplied by current from a series 
transformer in the 1,500 horsepower motor primary 
circuit. Regulator is arranged with counterbalance 
weights, so that adjustment may be made for the torque 
motor to cut resistance into the 1,500 horsepower motor 
secondary circuit at any desired current value within a 
wide range. This is generally adjusted so that resistance 
begins to come in at about full-load current, and thus 
slow down the 1,500 horsepower motor and allow the Av- 
wheel to take some of the load. 


1—60,000 pound cast-steel flywheel, 15) feet 5 
inches, in diameter. 

1—Generator 1,960 kilowatts continuous rating, TOO 
volts d-c separately excited field having 14 poles, which 
are equipped with con:pensating winding, and commutat- 
ing poles. 

One motor-driven exciter set having two exciter- 
generators : 

One generator is operated at constant potential, 125 
volts direct-current, 25 kilowatts capacity and is used to 
excite the main generator and the constant potential fie'd 
on the reversing motor. The generator is operated with 
a variable potential, since its fleld circuit 1s excited by 
the current flowing in the main circuit to the reversing 
motor. This generator excites the variable potential 
field winding on the reversing motor. The excitation 
from this variable potential exciter being proportional tu 
the main current produces a campounding effect in the 
reversing mator and causes it to stow down under heavy 
loads. The variable potential exciter voliage ranges 
from zero to about 125 volts. 


One magnet switch group controls the reversing 
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motor. This group is handled by a drum-type master 
controller arranged to give 16 speeds in each direction. 
Automatic acceleration is secured by interlocking cir- 
cuits and relays arranged to limit the current input to 
reversing motor. 

The arrangement of control switches and main cir- 
cuits is shown in Fig. 1. 

This equipment was installed in the spring of 1915 
and rolled its first steel during June of that year. The 
first ingots put into the mill were rolled down to a 
finished size 4 x 4. The mill has practically been in con- 
tinuous operation since that time, and the total delay 
due to trouble with the electrical drive since the mill was 
started does not exceed 10 hours. Sonre alterations 
were found advisable in the arrangement of control 
switches and on the reversing motor since installation. 
The number of accelerating switches was reduced and 
some changes were made in relays in order to increase 
rate of acceleration and speed up operation. On the 
motor it was found that the commutating pole coils 
were apt to work loose due to the heavy pulls on them 


Scherre of Pin Connestions 


at times of motor reversal, and additional fastenings were 
added to these coils. Also the interpoles were re-ad- 
justed to prevent any movement under these stresses. 
The motor commutator was not under-cut at first and it 
was found advisable to do this to improve commutation. 
After under-cutting, a type of brush designed for under- 
cut commutators was installed so that the high current 
peaks are handled successfully without blackening the 
commutator. 

Since the motor requires forced ventilation, it is 
necessary to arrange for a good supply of clean, cool air. 
In this case air is taken from outside the building 
through a duct about 40 feet above the mill floor, and is 
not washed. No trouble from dirt collecting in the 
motor has been experienced. Of course it is necessary 
to blow out the machine with compressed air and clean 
it about once a month. Twenty thousand cubic feet of air 
per minute, at 114 ounces pressure is required to cool the 
motor, two fans of this capacity being provided, both of 
which are operated in hot weather. 

All bearings on the equipment are provided with oil- 
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ring lubrication. The two main bearings carrying the 
flywheel are operated water cooled. ; 

These bearings and also the reversing motor bearings 
are arranged for forced oil feed but the equipment is be- 
ing run without this. The forced feed is considered an 
extra safeguard against bearing trouble. Neither water 
cooling nor forced feed has been found necessary on the 
main motor bearings. It was at first thought that on 
account of the relatively low speed and frequent reversal 
of this motor, the rings would not deliver enough o1!, but 
experience shows that they do the work satisfactorily. 
Each motor bearing is equipped with four rings. 

As an indication of the severe service that is put on 
this type of equipment, it may be said that at two 
different times the motor has twisted off a cast steel con- 
necting spindle used to couple the motor to the pinion 
housings. This spindle is about 19 inches in drameter. 
The main motor bearing next to the pinion housing is 
provided with a thrust collar designed to take up any 
thrust due to diagonal breaking of this spindle, and | 
in neither of the cases was anv damage done to the motor. 


Scheme of tain Connectiong 
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As to the rolling capacity of the mill, and the cost of 
operating the electric equipment, the following table 
shows the total tonnage of ingots rolled and the actual 
kw-hour consumption per ton for several typical 
months’ rolling. This includes all necessary power, such 
as exciter and motor driven fan requirements, in ad- 
dition to the main power supply. 


Month Monthly Tonnage Kw-hrs, per Ton 

] 21,1CO 17.7 
2. 19,4CO 18.4 
3 21,200 18.6 
4 18,8CO 20.6 
5 22,100 18.5 
6 20,000 24.6 
7 21,800 19.5 

Average 20,€CO 19.7 


The above tonnage ts made up almost entirely of in- 
gots 20 x 22 inches about 70 inches long. Fuity 
per cent of these were rolled down to 4 x 4 
inch billets using 19 to 21 passes. The balance were 
rolled to a size 6 x 8 inches, using 17 to 19 passes. Ap- 
proximately 90 per cent of this steel may be classed as 
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high carbon. During the sixth month where a con- 
sumption of 24 kw-hrs per ton is shown, a number of 
new rollers were breaking in on the mill, and this is 
thought to account for the increase of about 25 per cent 
above the average in power consumption. No exact 
cost of attendance of repairs is available, but this item is 
relatively small and would not exceed 15 per cent of the 
power cost. The equipment is installed in a main sub- 
station where an attendant is required on the switch- 
board and as he also looks after the mill drive only a 
part of this attendance cost can be charged to the cost 
of rolling. The only repairs so far have consisted of 
brushes and switch contact renewals, the cost of which 
is relatively small. 


The Number Two Equipment. 


The mill in this case is a reversing bloomer having 35 
inch diameter pinions. This mill is of heavier construc- 
tion all the way through than the one above, being about 
as heavy as the average 40 inch bloomer. The rolls are 
32 inch diameter and 90 inches long. This mill was ex- 
pected to roll a maximum capacity of 75 to 90 tons of 
ingots, size of ingot 20 x 21 inches weighing 7,000 Ibs. 
each, per hour, to finished billets averaging 4 x 4 
inches and using 19 to 21 passes. The power 
consumption with the mill rolling at an average rate of 
75 tons per hour to 4 x 4 billets was estimated 
as 28 kw-hrs. per ton. 

The driving equipment in this case consists of: 

One reversing motor having two armatures, mount- 
ed on common shaft, each 144 inches in diameter, 600 
volts d.-c., maximum torque capacity 600,000 foot-Ibs. 
This gives the motor a total maximum rating of 1,200,- 
000 feet-Ibs. The full field speed is 40 r.p.m. and the 
maximum speed with weakened field 120 to 130 r.p.m. 
Field windings consist of variable and constant potentia! 
excited circuits arranged on 24 poles. Machines are 
equipped with compensating windings and’ commutat- 
ing poles. 

One fly wheel type motor generator set made up of: 

1—2,500 horsepower induction motor, wound-rotor 
type, three phase 2,200 volts, 60 cycle, 20 poles, full-load 
speed 350 r.p.m. This motor is controlled by automatic 
liquid slip regulator as described above. 

The flywheel consists of two sections each being 
50,000 Ibs., cast steel wheel 14 feet 9 inches in diameter. 

Two generators each rated 1,450 kw. continuous 
capacity, 600 volts, d-c., separately excited, 10 poles, 
equipped with compensating windings, and having com- 
mutating poles. 

One motor-driven motor exciter set having a constant 
potential 50 kw., 250 volts, d-c. exciter generator and a 
variable-potential generator 18 kw. giving maximum 
potential about 300 volts. 

One magnet switch control equipment arranged for 
automatic handling of the equipment and operated by 
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a drum type master controller giving 16 specd points 
in each direction. 

The arrangement of control switches and main cir- 
cuits is shown ‘by diagram herewith, Fig. 2. 

This equipment was erected during the fall of 1916 
and started to roll steel in December. No trouble with 
the drive was experienced in starting rolling. The usual 
adjustments of relays and resistance necessary to make 
the equipment perform in the best manner being all that 
were necessary... The control equipment is operating as 
originally installed. The only mechanical adjustments 
necessary were to scrape in two of the bearings on the 
fivwheel set. Since starting, only one delay, and that 
about half an hour has occurred. This happened during 
the time the floor was being put down in sub-station, 
dust causing the brushes to stick in holders on one of 
the generators. It was found advisable to undercut the 
motor commutators and this has been done, giving con- 
siderable improvement in commutation. Tins motor re- 
quires about 35,000 cu. ft. of cooling air per min. Two 
fans of this capacity are installed, one is heki in reserve 
as a spare except in very hot weather when both are 
operated together. The air supplv is taken trom outside 
the substation building and is not washed. No trouble 
from dust collecting in motor has been experienced 
except that it is necessary to blow it out about once a 
month. Rolling conditions are such that additional 
cooling to be secured from washed air is not necessary. 

All the bearings of this equipment are arranged with 
oil ring lubrication. Cooling water is used on the twe 
fivwheel bearings. It was found advisable to put forced 
oil feed on all the five bearings of the motor generator: 
set in addition to the oil ring lubrication. The motor 
bearings did not require it for regular operation but it 
was provided as an emergency measure. 

The following table shows the monthly tonnage roll- 
ed since this mill was started, and the total kw-hrs. con- 
sumption per ton of ingot: 


Month Monthly Tonnage Kw-hrs. per Ton 

1 15,000 33.5 
2 14,800 32 
3 19,000 30.5 
4 21,000 28.5 
5 25,000 27 
6 22,000 26.7 

~" evetsige 19,500 29.7 


The above tonnage consists of ingots 19 and ?1 
inches, weighing 6,000 Ibs. each. Seventy per cent o! 
these were rolled to 4x4 inch billets using 23 to 
25 passes. The balance were rolled to a size averaging 
about 6 x 6 inches and using 19 to 21 passes. Sixty per 
cent of this steel may be classed as high carbon. The 
gradual reduction in power consumption per ton from 
month to month is no doubt due more to expert handl- 
ing of the mill and also the increased rate of rolling. 
The electrical equipment is installed in a sub-station 
having the switchboards, rotaries and transformers and 
the attendance consists of one operator on each turn 
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with a heper or clean-up man on day turn. The attend- 
ance costs chargeable to the blooming mill is not more 
than 1 per cent per ton of ingot rolled. No repairs 
except a few brushes and switch contacts ‘have as yet 
been required. 

Without going into the electrical conditions existing 
in these equipments it is safe to say that the operating re- 
sults secured have justified their installation. Consider- 
ed from the standpoint of reliability they scem to have 
“delivered the goods.” Considered from the standpoint 
of cost, since the cost of power is between 6 and 7 mills 
per kw-hr., it appears that both mills are rolling steel 
at a total operating cost of less than 20 cents per ton. 
This is probably a lower cost than the average steam 
driven mill. In the plant with the number two equip- 
ment an engine driven reversing mill is being operated, 
rolling a steel schedule which should not require as 
much power per ton as the one on the electrically 


operated booming mill, yet the operating cost per ton 
on the steam mill is at least double that of the electric. 

It is interesting to compare the power consumption 
per ton of steel used by the number one and two equip- 
ments. 

The averages of the above tables show the number 
two equipment is using 29.7 kw-hrs. per ton and the 
number one equipment 19.7 kw-hrs which is 10.0 kw-hrs.. 
more for the number two mill. The six-month run on 
the number two drive includes several months break- 
ing in and some low tonnages so that a fairer basis of 
comparison would probably be to take the average of 
the last three months. This average shows a total ton- 
nage of 22,500 and power consumption of 27.4 kw-hrs. 
per ton of ingots. This amounts to about 10 per cent 
higher tonnage and 7.7 kw-hrs. per ton, or almost 40 
per cent more power than the number one mill drive 
required. ) 


A New Method of Burning Crude Oil 


Oil Is Gasified in a Specially-Designed Vaporizer Outside 
the Furnace and Forced Into Combustion Chamber Under 
Positive Pressure. 

By W. K. JANSSEN. 


The first to appreciate the value of crude oil or pe- 
troleum distillate as a fuel was a Russian inventor who 


developed and patented a tburner for crude oil in the. 


early sixties. His device consisted essentially of a scries 
of griddles, over which the oil trickled, became ignited 
and burned. A year or two later an American inventor 
modified this original Russian method by utilizing a 
series of superimposed pans. The oil overflowed from 
one pan to another, the film or sheet of oil becoming 
ignited and burning. This form of oil burning apparatus 
is still used in many crucible furnaces even to-day. It 
is known as the Russian pan system. At about the saine 
time a patent was granted in England on an oozing 
furnace. The bottom of this furnace was covered with a 
uniform layer of slacked lime beneath which was a 
series of chambers or vaults, through which the oi! en- 
tered. On leaving the chambers the oil oozed through 
the slacked lime which served as a wick. 

Another contemporary American patent covered the 
conveying of oil as a gaseous mixture; the oil was pre- 
heated, liberating the lighter oils which were subsequent- 
ly consumed in the furnace. 


First Spray Nozzle. 

The first spray nozzle was developed in America a 
few years later. From that time on there have been in- 
numberable modifications of spray and jet burners. 


Paper read at the American Foundrymens Association, 
Boston, September 25 to 28. 1917, 
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These burners in gencral may be divided into two classes, 
namely, high pressure and low pressure types. Aside 
from the pressure of operation, they also vary in design 
and construction, depending upon the atomizing agent 
used. These burners are dependent for their success on 
the use of air or steam as an atomizing agent. In ad- 
dition some burners also have incorporated in their con- 
struction some form of spiral for mechanical atomization. 

The spray burner consists essentially of a fan-shaped 
spray of steam or compressed air upon which a stream of 
oil is allowed to trickle, the oil being diffused or atomized 
and burned. The jet burners, of which there are many 
types, are so constructed that a stream of oil is swept 
into and becomes a part of a stream of air or steam, being 
atomized therein and subsequently burned. The spray 
and jet types of burners have their limitations, because 
of their inability to maintain a positive adjustment of the 
definite amounts of oil and air necessary to assure and 
produce perfect combustion. This condition is further 
aggravated by the use of oils of variable specific gravity, 
which congeal in cold weather. This makes perfect com- 
bustion almost impossible without the almost constant 
attention of the furnace operator. 

Because of the inability to properly control the air 
supply to definite combustion proportions, the quantity 
of air is usually in excess of theoretical reauirements for 
complete combustion, causing a reduced flame tempera- 
ture. Inthe spray and jet types of burners, it is essential 
that there be an abundance of air in order to assure com- 
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plete atomization and avoid smoking. If the burners 
are adjusted so as to admit a theoretical amount of air, 
the oil is not thoroughly atomized, resulting in imperfect 
combustion, accompanied by excessive smoking and at- 
tendant reduction in flame and furnace temperature. 
The great objection to the present methods of oil burn- 
ing lies in the fact that the vaporization and combustion 
are practically simultaneous and that both occur within 
the combustion chamber. 


A New Gasifier. 

During the past year there has been developed a 
system of oil burning wherein the oil, instead of being 
atomized or vaporized, is gasified in a specially designed 
vaporizer outside of the furnace. The gaseous product 
is forced into a combustion chamber under positive pres- 
sure with a resulting perfect combustion. This method 
of oil burning consists essentially of producing an oil- 
gas in a specially constructed vaporizer outside of the 
furnace proper, through the union of oil and heated air 
in definite proportions for perfect combustion. The air 
for combustion is delivered by a compressor at about 
two pounds pressure and a velocity of 150 ft. per second. 


Fig. 1—General arrangement of cast-iron preheater. 


The air is forced to the vaporizer through cast iron pre- 
heater boxes placed in the path of the out-going gases. 
With the admixture of oil in the vaporizer, gaseous pro- 
duct is formed which is delivered to the combustion 
chamber under continuous pressure. 

The cast iron preheater, Fig. 1, consists of a closed 
cast iron box with openings to connecting boxes for the 
admission of incoming air. A series of vertical flues is 
provided to permit the passage of the outgoing waste 
gases through the apparatus, thus providing a source of 
heat for preheating the air for combustion. The number 
of preheaters required is dependent on the oil consump- 
tion for which the furnace is designed. They are stacked 
one over the other, and are so placed in the path of the 
outgoing gases that their walls will transmit the maxi- 
mum amount of heat. Each heater is provided with an 
inlet and outlet opening for the admission of air. Thev 
are located on the opposite ends of the heater, necessitat- 
ing a complete passage of air through the apparatus. As 
the heaters are stacked, the inlet opening of one connects 
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with the outlet opening of another. With this arrange- 
ment, the vertical flues are thrown out of line thereby 
retarding the flow of the outgoing gases, permitting a 
greater heat absorption through the walls of the pre 
heaters. 


Description of Vaporizer. 

The vaporizer, Fig. 2, is a hollow cast iron fitting. 
Its size is dependent on the calculated oil consumption. 
It has conveniently arranged inlet and outlet openings. 
Within the vaporizer are a series of baffles which form 
a winding zig-zag path for the gaseous mixture of air and 
oil. The long winding passage is essential for complete 
gasification. The preheated air enters the inlet of the 
vaporizer and commingles with the oil stream. On strik- 
mg the first baffle, gasification is begun. The mixture 
of air and oil gas then winds past the succeeding baffles. 
It finally is discharged from the vaporizer through a 
pipe in the furnace wall leading to the combustion 
chamber. 

If perfect combustion is to be attained, the propor- 
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Fig. 2—Details of mixer and vaporizer. 


tions of oil and air must be right and the temperature o! 
the preheated air also must be correct. The installation 
operates most efficiently when the temperature of the 
air is about 800 deg. F. Allowing a temperature drop 
of about 100 deg. for radiation and the conversion of oil 
to gas, the net temperature of the gaseous mixture Is 
about 700 deg. F. The velocity of the gaseous mixture 
should be about 150 ft. per second in order to prevent 
back-firing, or flame propagation in the direction of the 
scource. This is most essential, as the temperature of 
ignition, 1,050 deg. F., is only a few hundred degrecs 
higher than the temperature of the gaseous mixture. 
which in the proximity of the heated combustion cham- 
ber almost instantly is brought to ignition temperature. 
This method of oil burning lends itself very readily to 
every type of furnace in which the atomizing types ol 
burners have been used. Oil economies of 40 per cent 
are not uncommon. A 10 per cent economy alone Is 
effected in the preheating of the combustion air. 
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PREVENTION OF TUYERE-BREAST OR BOSH 
BREAKOUTS 

In a recent work entitled “Blast Furnace Breakouts, Ex- 
plosions and Slipsy and Methods of Prevention,” FF. Hl. Wille 
cox says in regard to tuyere breast or besh breakouts: “Safe 
methods of practice are of little avail in preventing tuyere- 
breast or bosh breakouts, if by faulty design or construciion, 
weakly built, insufficiently reinforced, or improperly cooled 
segments of brickwork have been inccrporated in this part of 
the furnace. Modifying methods of practice is of litle bene- 
ht because of the suddenness with which such accidents occur. 
Possibly 95 parts of prevention Hie in construction and five 
parts in experiene, resourcetulness and arrangement of the cast 


house for accessibility of signals and possibilities of escape... 


"The bosh plates should be flushed out regularly to prevent 
loss of cooling efficiency from sediment depositing in them 
Hot spots on the bosh jacket should be remedied by putting 
on additional sprays. The use of longer tuyeres is effective in 
correcting any tendency to local heating on the side of a 
bosh jacket. A longer tuyere also diminishes the tendency to 
cutting about the bosh plates, between the tuyere arches, on 
the tuyere breast walls, or near the cinder cooler. At best 
long tuyeres, tuyeres with a smaller nose, or plugged tuyeres 
are but temporary expedients and if they must be persistently 
used to prevent fast or abnormal working on the walls and 
severe erosion, their use is likely to produce off-grade iron 
and dangerous conditions of scaffolding, hanging, and slipping. 


“Regularity of furnace operation brings the discussion into — 


the realm of stock distribution, location of gas offtakes, blas:, 
distribution in the hearth, burdening and fluxing, lines of the 
furnace, use of ‘thigh heat, regular blast, and the various and 
many factors contributing to uniformity in practice, freedom 
from slipping and scaffolding, and long life of the fining. 
These factors are not without relation to bosh breakouts, but 
must be passed by with the statement that careful operation 
is a requisite for prevention. 

“The arrangement of the cast house should provide for 
security in case of bosh breakouts. Means of exit should be 
provided about the furnace itself, on at least two sides, and 
in addition there should be an exit from the foot of the cast 
house. If the cast-house floor is at a considerable height 
from the yard level, steps or, still better, inclines, should be 
provided with strong railings. There should be a shield be- 
tween phe snort-valve lever or wheel and the furnace, and the 
wheel should not be in direct line with a tuyere opening. In 
addition to the blowing-room signal at the snort-valve wheel 
an emergency signal should be placed at some other point 
above the cast house, preferably in some unexposed place 
outside: for instance, near and behind the No.1 stove. When 
this is inconvenient, the emergency signal can be placed in 
the cast house on the opposite side of the furnace from the 
one in common use or immediately outside a doorway. A 
noteworthy safety device ts an auxiliary arrangement by 
which the snort valve on the cold-blast main may be opened 
from beneath, independently of the cast-house Jever or wheel. 

‘With these arrangements made the last precaution 1s to 
snsist that members of the force not belonging to the cast- 
house crew must not make a habit of walking through the cast 
house in proximity to the furnace. When the furnace is 
working irregularty. slipping heavily, or being checked after 
hanging, men should be warned to keep away from the front, 
from underneath blowpipes, and to use every precaution and 
be alert when watching the tuyeres.” 
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IRON AND STEEL IN THE UNITED KINGDOM. 


The total imports of iron ore into the United Kingdom in 
1916 were just under 7,C00,0CO tons, valued at $57,067,860. The 
slightly larger imports of 1913 were valued at $34,268,500. 
About 20 per cent of the imports, 1,500,000 tons, entered the 
South Wales ports of Cardiff and Newport, and is almost all 
from Spain. This ore, supplemented by rail amd coastwise 
imports from the midland counties of England and by some 
local productions, supplied 15 blast furnaces (2 basic and 13 
hematite) in South Wales and Monmouthshire, which turned 
out about 1,CCO,CCO tons of pig iron in 1916. The price of 50 
per cent tron ore ex-ship at Cardiff ranged from $9.70 per ton 
down to $8 until officially controlled. The official price of 
hematite pig on rail at furnaces was about $30 per ton. 

The heavy imports into South Wales of partly manufac- 
tured iron and steel from the ‘Continent of Europe ceased en- 
tirely, and were replaced only to a negligible extent by ship- 
ments from the United States. The figures are probably not 
complete. Recorded imports into ‘Cardiff from the United 
States in 1916 of iron brought in ‘bars, angles, and rods were 
157 tons, valued at $83,085; of steel blooms, billets, and slabs, 
3,598 tons, valued at $218,540; of steel bars, angles, shapes, 
4,737 tons, valued at $303,013. No sheet bars nor tin-plate 
bars appear to have ‘been imported, and absence of these con- 
stituted a difficulty for the makers of tin plates and galvanized 
sheets. 

‘Steel plants were in large measure diverted from com- 
mercial production and local and national efforts greatly re- 
duced in volume. For South Wales the recorded exports of 
partly manufactured steel were only nominal, except to 
France, which is said to have received large quantities of steel 
bars. The only recorded exports of steel rails from Cardiff 
were to India (10,383 tons, $429,576), and to France (8,886 
tons, $410,528). Exports of steel rails from the United King- 
dom were about one-fifth those of 1915 and far below normal. 

Shipments of galvanized iron sheets from South Wales 
ports in 1916 were 13,000 tons, compared with 47,000 tons in 
1913. Exports from the United Kingdom were 117,000 tons 
in 1916, against 762000 tons in 1913. Production has almost 
ceased under commercial conditions. The average price of 
spelter in 1916 was $333. compared with $110.46 in 1913. 


MANGANESE INVESTIGATIONS. 


On account of the increasing diffculty in obtaining im- 
ported manganese and the vital importance of manganese 
for the production of the steel needed in making war, the 
United States Bureau of Mines, Department of the Interior, 
is making a thorough investigation of the possibilities of re- 
lief through a more extensive use of domestic ores. On 
account of the steel industry being dependent on manganese 
and on account of the problems of ore concentration being 
similar to those of iron ore, these investigations have been 
assigned to the Lake Superior station recently established at 
Minneapolis. Although the bureau realizes the importance 
of taking up the iron ore concentration problems at the Lake 
Superior station as soon as possible, yet such work is ob- 
viously to be classified among the “peace-time problems” 
relating to conservation; whereas the manganese investiga- 
tion, under present conditions, is strictly a “war problem” 
dealing with increased production. 
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ENGINEERS’ SOCIETY INSPECTION TRIP. 


On Saturday afternoon, November 17, the Engineers’ So- 
ciety of Western Pennsylvania, accepted an invitation from the 
officials of the American Stecl & Wire Co. to inspect their 
new industrial housing development near their Donora, Pa.. 
plant, also their steel works at Donora. 

The housing development consists of 20 dcuuble and €6 
single houses of monolithic concrete construction. The 
houses are of eight different designs, all practically fireproof. 

The houses are to be occupicit hy some of their skilled or 
semi-skilled employees. 

The object of particular interest in the stee! plant was the 
‘duplexing department. There has recently been installed a 
Bessemer plant, consisting of two 20-ton vessels and on# 
1,000-ton metal mixer. This plant is operated in connection 
with the open hearth department, making onc of the most 
modern duplexing installations in the country. 


DOMINION IRON & STEEL CO. IMPROVEMENTS. 


Improvements now underway at the plant of the Dominion 
fron & Steel Co., Ltd., Sydney, Nova Scotia, include the in- 
stalMation of two batteries of 60 ovens each, of the latest type 
of Koppers’. by-product coke overs, compiete with by- 
product recovery apparatus, and supplemented by a new 
Baum coal washing plant. 
~ The original plant of 500 ovens, as erected in 19COQ, will be 
abandoned upon completion of the two new units which, with 
the 1911 installation of 120 Otto-Efoffman ovens (now being 
rebuilt) will produce sufficient coke to supply their six blast 
furnaces. 

One stack, formerly producing 250 tons per day, is now 
being remodeled and will have a daily capacity of 4CO tons 
upon completion. about January 1. 

Plans are now in hand for a similar enlargement of the 
other stacks. upon completion of the life of their present 
linings. . 

Arrangements are also being made for substantial addi- 
tions to power equipment and water works. 


ARC WELDING DISCUSSED. 


O. H. Eschholz, research division. engineering departinent, 
of the Westinghouse Electric & Manufacturing Co., East 
Pittsburgh, presented a paper entitled: “Some Recent Inves- 
tigations in Arc Welding” at the Philadelphia section of the 
A. I. S. E. E. meeting held at the Majestic Ilotel, Philadel- 
phio, December 1]. 


The Hess Stcel Company, of Baltimore, Md., has awarded 
a contract to the Crowell-Lundorff-Little Company, Cleve- 
land, O., for the construction of a new electric furnace addi- 
tion at its works on Loneys Lane. The installation will in- 
clude electric melting furnaces, power equipment, electric 
cranes, etc. The plant will be used for the production of 
electric furnace ailoy steel. 

The Bethlehem Steel Company, of McAfee, N. J., is mak- 
ing rapid progress in the construction of its new crusher 
plant at the local limestone quarries. 

The Donner Steel Company, of Buffalo, N. Y., has recently 
had plans prepared for the construction of a new coke plant 
on Abbey street. : 

The Anniston Steel Products Company, of Birmingham, 
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NEWS OF THE PLANTS 
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Ala. has recently been incorporated under Delaware laws, tc 
operate a local plant for the production of iron, steel and 
manganese. Walter M. Hocd, C. A. Bingham, P. C. Coving- 
on, and T. L. Stewart, Birmingham, are the incorporaiors. 
The capital is $3,000,C00. 

The National Steel Products Company, of Bessemer, Ala. 
recently organized, is planning for the early establishment of 
a local plant. Bids have been received for the principa: 
equipment for a works with initial capacity of about 15 tons 
of steel castings per day. A 3-ton open hearth furnace wi!l 
be installed. J. V. Calvin is secretary. 

The Tennessee ‘Coal, Iron & Railroad Co., of Bessemer, 
Ala., is making rapid progress in the rebuilding of its Lit:zle 
Bell furnace at Robertstown, and it is expected to be ready 
for operation about the middle of November. It will be de- 
voted exclusively to the production of ferro-manganese. 
This is the oldest furnace of the company, and has been out 
of operation for a considerable time. 


The Philadelphia Steel Products Company, of Philade}- 
phia, Pa., a Delaware incorporation, has filed authorization 
papers to operate in New York. H.S. Gould, 37 Wall street. 
Is representative. 

The American Steel Products Corporation, of New Yorx, 
N. Y., has been incorporated with a capitol of $1,CCC,CCO to 
manufacture iron and steel products. The incorporators are: 
W. P. Kellett, W. S. Brewster, and W. B. DeLacey, 233 
Broadway, New York. 

The Ithaca Gun Company, Lake street, Ithaca, N. Y., is 
making rapid progress in the construction of a new three- 
story addition to its gun manufacturing plant. The struc.ure 
will be about 7Ox1ICO feet, and is estimated to cost HOC. 
George Livermore is president of the company. 

The American Ammunition Company, 25 Broad street, 
New York, N. Y., is making rapid progress in the construc- 
tion of a new three-story plant at Paulsboro, N. J., to cost 
about $25,CC0. 

The Carpenter Steel Company, of Reading, Pa. has had 
plans prepared for the construction of a new one-story add:- 
tion, about SCx110 feet, to its plant on Exeter street. 

The Tioga Steel Company, of Philadelphia, Pa., is making 
rapid progress in the erection of a new forge shop, machine 
shop and other buildings at Grays avenue and West Fitty- 
first street. The structures will cost about $70,CCC. 


PITTSBURGH AND CLEVELAND SECTIONS OF A. I. 
S. E. E.. HOLD JOINT MEETING. 

On November 24 the Association of Iron and Stcel Elec- 

trical Engineers held a joint meeting of the Pittsburgh and 


Cleveland district sections at Canton. O The cemimittee te: 


charge of the plans for this mecting consisted of AL fl. 
Swartz, chairman, R. D. Nye, J. G. Donovan, R. Bertz, Jack 
O'Connor, W. FE. Custer, M. EF. McGrail, and W. M. Hoorn- 
lein. The party of engincers visited the United Alloy Sree’ 
Corporation mills and the plant of the Central Steel Com- 
pany at Massillon. A paper on “Central Station Power” was 
read by W. A. Hornlein and one on “Electric Furnaces” was 
presented by J. D. Donovan at a session held at the Hleorte! 
Courtland on Saturday evening. 


December: 1917 


SAFEGUARDING ELECTRIC CRANES. 


By J. °C. SMitrH. 

At this critical period in the history of our country when 
it is extremely important to conserve the resources of the 
nation of which the human element is the most valuable, it 
becomes the patriotic duty of every employer to throw every 
possible safety protection about industrial workers and to 
thoroughly safeguard every machine. The following notes 
on crane construction are the result of the investigation of 
all available specitications for mechanical safeguards of elec- 
tric traveling cranes, together with such additions as experi- 
ence has indicated to be necessary. 

Detailed plans of all cranes purchased shal! be submitied 
for approval before a crane is constructed and furnished. 
Such plants, as well as calculation sheets, shall be submitted 
to the plant at which the crane is to be installed. 

Proper provisions shall be made for all parts subject to 
Impact and rough usage. Journals and shafts shall be of 
sufficient size to bring pressure and deflections within safe 
and practical limits. Structural work shall be of open hearth 
steel and physical and chemical properties shall be governed 
by the manufacturer’s standard specifications for medium 
steel. All apparatus shall be designed throughout with not 
less than the following factors of safety under static full load 
stresses, based on ultimate strength of material used: Gears, 
drums, blocks, hooks, shafts and other parts except ropes and 
girders should have a factor of safety of 10; ropes, not less 
than eight, 6 strands, 19 wires, plow steel: crane girders, not 
less than five. No cast iron shall be used except tor minor 
parts such as drums, bearing brackets, etc.,, where strength 
is of minor importance. No wood or other combustible ma- 
terial should be used. 

All bolts shall be through type, bolts to be suitably se- 
cured from turning, and equipped with approved lock nuts 
or lock washers. Bridge motor bolts shall be accessible from 
above bridge walk. Steps or stairs with hand rails are to 
be used wherever possible, in preference to ladders. 


Footwalks. 

Footwalks shall be placed along the entire length, on one 
or both sides of crane runway, on entire length of bridge on 
both sides and across the ends, and across the ends of the 
trolleys at right angles to the bridge walks. Where there is 
only one walk it should be on the drive side. A safe and 
adequate means shall be provided to get irom walk to walk, 
and walks shall not telescope. Footwalks shall be of sub- 
stantial construction, rigidly braced so as to eliminate vibra- 
tion, and built entirely of steel. Width of main walks shall 
be not less than 30 inches from outer edge of walk to web 
of: girder. Width of walks on end of bridge shall be not less 
than 15 inches and on trolley shall be not less than 12 inches. 
Each walk shall have a standard railing and toe guard at all 
exposed edges. Railings shall be of riveted structural steel 
with two horizontal members and not less than three feet 
six inches high; toe guard shall be at least six inches (net) 
in height. Floors of walks shall be of checkered steel plate 
not less than one-fourth inch thick: flooring shall extend from 
outside toc guard to bridge girder. 


Clearances. 
Wherever possible all wabks shall be so arranged that there 
will be a clearance for at least six fect six inches between 


From paper read crore National Safety Council Con- 
eress, New York, September. 
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Hoor of walk and overhead trusses or other structural metn- 
bers; clearance between railing on bridge walk and nearest 
part of trolley shall be not less than 18 inches. Footwalk 
shall pass around bridge motor, and may be reduced to a 
width of twenty (20) inches (clear) at point where it passes 
motor. Not less than 12 inches uctual clearance shall be 
allowed between highest point of crane and root chord, ard 
net less thah three (3) inches between any otner part of 
crane and building column or other stationary structure. 
Where there are more than two crane runways in parallel, 
there shall ke a clearance of at least eighteen (18) inches 


between the extremities of the cranes and a footwaik pro- 
vided, 


Operator’s Cage. 


Operator’s cage shall be securely fastened to bridge gird- 
ers, and well braced to minimize vibration. It shall be large 
enough to allow ample room for equipment and Operator. 
The cage shall also be supported by not less than four ver- 
tical through stay bolts, having the nuts and plates under 
the bottom of the cage. Floor shall be of non-combustible 
material, preferably asbestos. Cage shall be enclosed to a 
height of three feet six inches above Noor with non-com- 
bustrble material. Stairs should be provided as means ot 
access to bridge walk from cab platform. Steel sash and 
wire glass should ibe used in crane cabs. Cab door should 
swing out. Controllers should be arranged so operator can 
see hoist hook from any position. There should be a lock- 
ing device on controller handles and clear indicating marks 
placed on controller as to how to move handle for certain 
movements. When there are controllers with external re- 
sistance the external resistance units shall be placed outside 
of the cage. An approved foot or hand operated gong oi 
the rotary type shall be placed in a convenient location and 
securely fastened. A tray or other suitable guard shall be 
placed under gong to prevent gong or parts falling. Ladle 
and other cranes subjected to heat from below shall have a 
steel plate shield not less than one-eighth (34) inch thick 
and placed not less than six (6) inches below bottom oi 
floor. All cages on hot metal cranes shall have a sheet iron 
enclosure lined with asbestos, to be used by cranemen in 
case anything goes wrong with machinery when hoisting hot 
metal. Provisions shall be made on hot metal cranes so that 
no man can be confined in any crane cage, or in any other 
place, where it would he impossible for him to escape to 
some place of safety, im case of a spill of hot metal. 

Gears, Couplings, Etc. 


All gears including trolley gears, shall be completely er- 
closed ‘but so guarded-as to afford easv :ccess for inspection 
or repairs. All driving and driven gears shall be tied to- 
gether in the same steel casting. No overhang gears, except 
armature pinions, and no split gears, shall be used. Coup- 
lings shall be entirely enclosed, the covers being so designed 
that they are readily detachable, and supported in such man- 
ner that they do not revolve with the shaft. Keys shall be 
secured in approved manner to prevent possibility of gears 
working loose; they shall be covered or otherwise guarded. 
Flanged washer with cotter pin projecting through flange 
and shaft should be provided to prevent trolley power wheels 
working off. : 

It is preferable that short shafts be used for trolleys and 
the trolley sides should be connected with solid cast steel 
separation to gain separate alignment of trolley. 
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I,, W. Adams, formerly general superintendent of the 
Saucon plant, Bethlehem Steel Company, is now general su- 
perintendent of both piants of the Nova Scotia Steel & Coa! 
Co., Ltd., one located at New Glasgow, N. 'S., composed of 
rolling mills, forging plant and bottom nut shop, and the 
other at North Sydney, consisting of two blast furnaces, 
five open hearths and coal mines. 

ssf 

John McConnell, Canton, O., who resigned last spring as 
general superintendent of the United Alloy Steel Corpora- 
tion, Canton, is again identified with the above company in 
doing special work, giving particular attention to all prob- 
lems pertaining to alloy steels. Mr. McConnell has been one 
of the leading basic open hearth steel men since the basic 
open hearth was started at Homestead in 1888. His greatest 
success has been in the manufacturing of alloy steel of the 
highest quality. 

yy 

Charles '‘C. Capehart, superintendent of the bar mill of 
the Pittsburgh Crucible Steel Company, Midland plant, has 
been promoted to chief inspector of the plant, succeeding J. 
N. Critchlow, who resigned to accept a similar position with 
the United Alloys Corporation, Canton, O. M. E. Harty, 
efficiency expert, has been assigned the superintendency of 
the bar mill. N. T. Gants has been appointed steam and hy- 
draulic engineer. The appointments were effective Novem- 


ber 1. 
~  -V 


F. D. Egan, past president of the Association of Jron ane 
Steel Electrical Engineers, who for the past seven years has 
been steam and electrical engineer of the Midland plant of 
the Pittsburgh Crucible Steel Company, has accepted the po- 
sition of works manager of the Pittsburgh Iron & Steel 
Foundry Co., of Midland, Pa. He assumed charge Nov. 1. 

Vev 

George FE. Lentz, formerly superintendent of construc- 
tion at Carnegie Steel Company, Farrell, Pa., has accepted a 
position with Donner Steel Company, Buffalo, effective 
December 1. : 

Vv 

L. L. Converse, electrical engineer, has become affliated 
with the Tacony Ordnance Company, Phiiadelphia. Pa. He 
was formerly electrical engineer for the Midvale Steel Com- 
pany at its Coatesville. Pa., plant. 

v.WV 

E. J. Schwarznau is now chief engineer of the Liberty 

Steel Company, Warren, O. 
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Alien Hoffer, formerly superintendent of the blast fur- 
naces of the Worth Brothers Company at Coatesville, Pa., 
has become affiliated with the ore sales department of the 
Cleveland-Cliffs Iron Company at Cleveland, O. Mr. Hoffer 
took up the new work December 1. 

VV ¥ 

Harry A. Bortz, formerly chief engineer of the Donner 
Steel Company, at Buffalo, has been employed by L. C. Rob- 
erts & Co., of Philadelphia, as resident engineer in charge 
of construction of the steel works which the ‘Campania 
Siclerurgica del Mediterranea will build at Sagunto, Spain. 
L. C. Roberts & Co. are the engineers. 


vo 
Carmi ‘C. Thompson, formerly manager of the Great 
Northern ore properties, with headquarters at St. Paul, 
Minn., has been made general manager of the ore properties 
of the Tod-Stambaugh Company, Cleveland, O. 


Vv 
Rollin 'C. Steese, a director of the Briar Hill Steel Com- 
pany, Youngstown, ©., has been chosen as one of the five 
members of the advisory committee of the Ohio Fuel Ad- 
ministration. He was general manager of the Brier Hill 
Steel Company some years ago. 
. voy 
Thomas Quinn will act as consulting engineer in the 
erection of a steel foundry by J. D. Driscoll, of Reading, 
Pa. The foundry will be built at Hamburg, Berks county, 
Pa.: electric furnaces will be installed for producing ingots. 
Mr. Quinn has been connected with the Lebanon Steel Cast- 
ing Company, Lebanon, Pa. 
Vv 
C. H. Van Dyke has been elected vice president of the 
Manown Manufacturing Company, Pittsburgh, Pa., succeed- 
ing H. A. Sechrist, who resigned to accept a position with 
the Mt. Union Refractories Company, Mt. Union, Pa. 
Vv 
Walter C. Kennedy has left the Standard Seamless Tube 
Company, Ambridge, Pa., and accepted a position as electrical! 
engineer with the Pittsburgh Crucible Steel Company, Mid- 
land, Pa. 
y “V 


A. H. Dillon has resigned as assistant sales manager 
of the Youngstown Sheet & Tube Co. to become head of the 
Pittsburgh Export Company. Mr. Dillon is devoting his 


“energies to secure the steel needed for the fifty 3,000-ton 


merchant ships his company is building for the government 
at Seattle and Tacoma 


7 
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C. M. Replogle has left the Ralston Steel Car Company 
to become vice president and general manager of the Sy- 
mington Forge Corporation, Rochester, N. Y., which is at 
present engaged in executing a yoverninent contract for 
shell forgings. 

Vv 

R. A. Field, who is now blast furnace superintendent for 
the La Follette Coal & Iron Co., La Follette, Tenn., was for- 
merly with the Broken Hill Proprietories Company, Ltd., 
New Castle, New South Wales, Australia. 

Vv 

Charles K. Logue, formerly connected with the Barney 
& Smith Car Co., Dayton, O., has accepted a position as 
superintendent of the foundry of the Albany Car Wheel 
Company, Albany, N. Y. 

Vv 

August Jackson has accepted a position as superintendeni 
of the Twin City Forge & Foundry Co., Stillwater, Minn. 
He was formerly superintendent of the Minnespons Steel & 
Machine Co. of the same city. 

: Viv 

Dudley R. Kennedy, formerly head of the industrial rela- 
tions department of the Youngstown Sheet & Tube Co., 
Youngstown, O., has been employed by the American Ship- 
building ‘Corporation in a similar capacity. 

Vv 

Major L. J. Campbell, a vice president of the Youngstown 
Sheet & Tube Co., Youngstown, O., is now at Camp Sherman, 
‘Chillicothe, O. He has been assigned the command of a 
battalion of artillery. 

vy: ¥ 

Robert J. Mullaly has been chosen by res Carnegie Steel 
(Company to act as assistant superintendent of their Mc- 
Donald, O., bar mill plant, which is under construction. 

¥. ¥ 

John P. Crum will succeed W. J. Smith as assistant super- 
intendent at the Bessemer Rolling Mills, Bessemer, Pa. W. 
L. Ballard and P. V. Kolb have been promoted to night 
superintendent and assistant night superintendent, respec- 
tively. 

Vv 

W. T. Hayes, formerly manager of the American Sheet 
& Tin Plate Co., ‘Cleveland, O., is now at the Laughlin works 
of the same company at Martins Ferry, O. 

Vv 

John A. Green has recently been employed by the Piits- 
burgh ‘Crucible Steel Company, Midvale, Pa,, as ‘superin- 
tendent of the steel foundry, 
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Jonn V. Culliney has accepted a position as superintend- 
ent of the plant of the Lake Erie Iron Cumpany, Cleveland, 
(). He was for many years. superintendent of the 
plants of the American Iron & Steel Co. at Lebanon and 
Reading, Pa. 

wy. 

George A. Millar, superintendent of the Bessemer Rollirg 
Mills, Bessemer, Pa., has resigned to supervise new mill 
construction work at the Fairfield works of the Tennessee 
Company. 

ae 

Walter J. Smith, who has been connected with the Besse- 
mer Rolling Mills, Bessemer, Pa., for a number of years as 
chief roll designer and assistant superintendent, has been 
promoted to superintendent, succeeding George A. Millar. 

Viv 

J. M. Jones, now manager of the sheet and tin plate plant 
of the Bethlehem Steel Company, Sparrows Point, Md., was 
formerly vice president and general manager of the Massillon 
Rolling Mill Company, Massillcn, O. 

Vv 

The various subsidiaries of the Midvale Steel & Ordnance 
Co. have been merged with the parent company. The con- 
cerns now definitely merged are: the Midvale Steel Company, 
Worth Brothers Company, at Coatesville, and the Wilming- 
ton Steel Company, at Wilmington. All of these companies 
have been controlled by the steel and ordnance company. 
either by complete ownership or stock control. Henceforth 
the Midvale Steel & Ordnance Co. will be the operating con- 
cern and the above companies will lose their identity, the 
Midvale Steel ‘Company being known as the “Nicetown 
Works,’ the Worth Brothers Company as the ‘Coatesville 
Works,” and the Wilmington Steel Company as the “Wil- 
mington Works.” The Cambria Steel Company, at Johns- 
town, the largest unit in the Midvale group, will maintain its 
name and organization. 

The officers elected for the Midvale Steel & Ordnance Co., 
most of whom held similar positions with the Midvale Steel 
Company, are: W. E. Corey, chairman of the board; A. C. 
Dinkey, president; William B. Dickson, vice president; Ed- 
win E. Slick, vice president in charge of operations: John C. 
Neale, vice president in charge of sales; H. S. Black, assist- 
ant to president; D. B. Gehl, treasurer: Robert Brewster, 
secretary; Marshall Lapham, controller; James M. Milken, 
auditor; Joseph Hill and L. K. Krause, assistant treasurers; 
T. B. Burtis and W. A. Martin, assistant secretaries; S. C. 
Yeates, purchasing agent, and H. C. Crawford, traffic man- 


ager. 
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PRACTICAL LIMITS OF COKE QUALITY. 

As furnace conditions are better understood, the possibil- 
ity of the use of coke of a wider instead of a more restricted 
range of quality will become better recognized, with the ex- 
press limitation that the supply for each furnace must always 
be absolutely uniform in quality. This requirement of uni- 
formity cannot be too strongly emphasized, and it is almost 
equally necessary for the proper operation of the coke plant 
as the blast furnace; but this does not mean that there is 
one standard grade of coke to which all plants should. con- 
form so far as possible. As a matter of fact, the range of 
cokes that successfully qualify in practical operation is con- 
tinually being extended, through necessity of one sort or 
another, with little general realization of the fact.. 

However, for each kind of coke there is evidently some 
limiting size for efficient service, i. e., just large enough to 
offer such a minimum surface of attack for CO: that the loss 
on this account is negligible, and small enough so that coim- 
plete combustian may be effected in a minimuin of time at 
the tuyeres. Hardness of body is usually—though possibly 
not necessarily—proportional to the resistance of a given 
coke to oxidation by CO: or oxygen. The harder grades of 
coke should be used in smaller sizes—and this is a compen- 
sation automatically provided to some extent by the opera- 
tion of the by-product oven. Similarly, cokes of close cell 
structure are more resistant to oxidation, but thts may be 
offset to a large extent by softness. The coke of more open 
cell structure will probably require less rigid attention to 
sizing than the denser coke. The important thing is to deter- 
mine the practical limits of these elements of size, hardness, 
and cell structure. 

These considerations are of the utmost rmportance and 
encouragement to the coke-oven man, because, with a rea- 
sonable choice of coal, his control over the quality of his 
coke is almost unlimited, and, even with a very restricted 
source of supply, the possibilities of conforming to the de- 
sired standard by proper oven construction and regulation 
are still remarkably great. We propose to conclude this 
paper by showing two or three examples of what can be ac- 
complished in the way of control of this sort. 

One proposition that frequently presents itself is that of 
eliminating sponge. Sponge is a characteristic honeycombed 
mass formed in the center of rich volatile matter. It seems 
to be caused by an excess of pitchy material moving along 
with the fused zone in the coking process, and finally ac- 
cumulating in the center of the oven, where it is eventually 
gasified, with the production of this light porous material. 
Sometimes this sponge is found in loose, detached masses 
scattered all over the coke as it lies on the wharf after 
quenching, or, again, it may be found adhering very closely 
to the ends of the pieces of coke, and sometimes blending, 
without any clear line of demarcation, into the body of the 
coke itself. 

Although the amount of this sponge often appears to be 
very large, it is so bulky that its actual percentage by weight 
is small. In one case where the amount of sponge scemed to 
be very large it was actually found that it amounted to 1.65 
per cent of the total coke. Small amounts of sponge probably 
do no harm, most of the material being soon broken up in 
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the operations of handling the coke, but the presence of the 
material undoubtedly occasions a certain loss of carbon, and 
so we usually try to get rid of it. The customary remedy— 
and one that always works—is to mix with the high-volatile 
coal sufficient low-volatile coal, which has the effect of ab- 
sorbing the excess of bituminous material and climinating the 
conditions of sponge formation. Pocahontas coal is the 
standard low-volatile coal that is employed by many of our 
plants. It is to be noted that different coals require consid- 
erably different percentages of Pocahontas coal to completely 
eliminate the sponge. 

Frequently it is too expcnsive a proposition to buy low- 
volatile coal for the sake of eliminating a little sponge, and 
sometimes the low-volatile coal may be altogether inaccessi- 
ble for practical purposes. This does not, however, leave us 
at the end of our resources. By proper methods of contra. 
sponge may be eliminated from a wide variety of coals tha: 
produce it under ordinary conditions. If the aven is cor- 
rectly designed and proportioned, and the temperature anc 
coking time carefully regulated, very satisfactory results may 
be obtained without the necessity of making a special ceal 
mixture. 

Occasionally one of the most difficult problems to be over- 
come is that of too great density of cell structure. Here 
again, we can approach the problem in two ways: one. b: 
mixing in one or more other coals that have a tendency to 
the production of a more open cell structure, and the other 
way by suitable preliminary preparation of the coal, careis) 
heat control, and special design of the oven. 

To insure the best results a special study must be mace 
of each kind of coal it is proposed to use, and it would be 
well, in all cases where a new plant is contemplated, to make 
this study previous to design of plant, because the resus 
may suggest some necessary changes in design that would 
not otherwise be foreseen. 


NEW BY-PRODUCT COKE OVENS. 


The Wilputte Coke Oven Corporation, of New York Cry. 
has been awarded a contract for the installation of 2: 
Wilputte regenerative by-product coke ovens, with certa: 
by-product equipment, as an extension to the present coke 
oven plant of the Algoma Steel Corporation, Ltd., at Sauk 
Ste. Marie, Ontario. Canada. Work will be started im- 
mediately, and the construction is expected to be com 


pleted by July 1, 1918. 


BY-PRODUCT COKE IN THE UNITED KINGDOM. 


Due to war conditions and the great demand for benzv: 
used in the manufacture of high explosives the by-product 
coke industry in England has made unprecedented advances. 
Although the old bee-hive oven had already grown in d:s- 
favor before the war, the progress made in the installations 
of by-product coke plants was until that time rather slow 
In 1907, 80 per cent of the coke was made by the bee-inve 
process. In 1915 the coke produced by colliery companies 
in the United Kingdom totaled 11,008,040 tons, (this docs 
not include gas or steel works making their own coke), bu: 
the relative proportion of by-product ovens to the total hac 
increased from 18 per cent to over 50 per cent. There is ne 
doubt that when the figures are available for 1016 and tie 
present year, the substitution of by-product for bee-ae 
ovens will be found to be unprecedented. 
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A NEW LINE OF WIRE NAIL MACHINES. 


A new line of wire nail machines is being built by Sleeper 
& Hartley, Inc., Worcester, Mass. Among the features which 
differentiate these machines from others now on the mar- 
ket are the employment of toggle joints-actuated from a 
single crankshaft to provide the working motions, the sep- 
aration of the pointing and heading operations, and a reduc- 
tion in size, weight, and floor space occupied. 

The machine consists of a frame or bed of massive rein- 
forced construction mounted on double legs. The working 
members are mounted on top of the frame in such a way, it 
is pointed out, that they can be lifted off and the machine 
stripped down in a few minutes. Rotating cams have been 
entirely eliminated, a single crankshaft controlling the 
working motions through toggle joints. The operation is 
said to be smooth and practically noiseless, the power ap- 
plied being expended in making nails and the wear and tear 

upon the machine is 
consequently re- 
duced. The pointing 
and heading opera- 
tions have been sep- 
arated, thus, it is 
emphasized, reduc- 
ing the heating ef- 
fects upon the dies 
to a great extent and 
distributing the 
working stresses 
more widely. This 
separation is effect- 
ed by the use of an 
intermittently oper- 
ated carrier wheel 
interposed between 
the pointing and 
heading positions. A 
series of holding 


jaws is provided 
for the wheel which 
takes a_ pointed 
blank from the 
dies and carries it 
through a semi- 
circle into’ the 
heading position, 
where the heading 
dies complete the 
work. The jaws 
still hold the nail 
until another quar- 
ter revolution of 
the carrier wheel 
has been made when the nail is automatically released and 
dropped. This wheel normally holds from three to four 
pointed blanks and is operated through a Geneva motion 
from the main crankshaft. The pointing and heading dies 
are readily accessible, it being possible to lift any one of 
them off in a few seconds for examination. Adjustable 
compensating wedges are provided to take up wear in all 
the important bearings and the adjustments for the anvil 
and dies are made in the same way. 

In operation the wire is taken from the cor and fed 
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through a set of straightening rolls mounted on the feed 
slide. An adjustable connection from the crankshaft oper- 
ates the slide, which in the larger machines is provided 
with a quick return motion. In a single revolution of the 
machine the wire is fed forward to form the nail blank, which. 
is cut off and the incoming end pointed at the same time. 
In the meantime a previously cut-off blank is being headed 
on the opposite side of the carrier wheel, which is then 
moved through a partial revolution, thus releasing a nail 
that has been previously headed. 

Five sizes of machines are built for making nails from % 
to 10 inches long, from No. 17 wire, to material that is %- 
inch in diameter. The next to the smallest size of machine 
has an output of 400 nails 2% inches long, from No. 11 wire, 
in one minute. This machine occupies a floor space of 
19 x 42 inches, and weighs but 750 pounds. The next size, 
which is the middle one of the series, occupies a floor space 
of 36 x 63 inches., and weighs 2,000 pounds. This has an out- 
put of 350 nails 4 inches long, from No. 6 wire, per minute, 


STARTING SWITCH. 

The new C-H ‘enclosed starting switch provides the mo- 
tor with protection against overload and against unexpected 
re-starting after there has been an interruption in the circuit 
or failure of voltage. It also insures safety to the operator 
under all conditions, because he cannot touch a live part 
while operating the switch, nor when inspecting or renewing 
fuses. The sliding panel, which encloses the contacts and 
fuses, interlocks with the mechanism so that the switch can- 
not be closed and the fuses are always dead when the slid- 
ing panel is in the lowered position. With the panel in its 
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C-H 9116 ac enclosed starting 
switch with enclosed panel 
lowered. This interlocks 
the switch in the open po- 
sition. 


Enclosed panel removed 
showing interior of ac 
switch. 


closed position the starting handle may be operated. The 
fuses are not in circuit when starting but are automatically 
included in the motor circuit when the starting handle reach- 
es the running position. The fuses can therefore be of suf- 
ficiently low capacity to give proper protection to the motor 
windings. Failure of voltage causes the switch to open. Un- 
expected re-starting with the resultant possibility of injury 
to operator or machine driven is prevented because to again 
start the motor it is mecessary to operate the starting lever. 

The interior parts consist of three moving contact fingers, 
which, when the starting lever is moved to the extreme up- 
ward position, make contact with three stationary contacts, 
connecting the motor directly to the line. This is the “start- 
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ing” position. After the motor is up to speed, the hand is 
removed from the handle and the contact fingers slide into 
engagement with the running contacts, the change being 
made without opening the motor circuit. ‘he capacities of 
this standard switch is 3 hp, 110 volts; 5 hp, 220 volts. It is 
designed and made by The Cutler-Hammer Manufacturing 
Company, of Milwaukee. 


USE OF MAGNETIC PULLEYS. 


The use of magnetic separator pulleys has increasel to a 
great extent during the past few years. For example, they 
are used with success in removing pickheads, coupling pins, 
etc., from coal passing to a crusher which would be damaged 
by the entrance of such material. They are used for similar 
purposes at phosphate rock mines and quarries. In produc- 
tion of sulphite fibre paper stock, they are used to remove 
tramp iron and steel from the wood before these are deliv- 
ered to the sulphate tanks. In the blast furnace they are 
used to remove magnetic content from the blast furnace 
slag; in foundries, to remove metal from the sand to prevent 
damage to facing mixing machines; in the steel plant to re- 
move iron from the scale coming from the rolls and squeez- 
ers. They also find employment in city refuse disposal plants, 
for removing tin cans, horseshoes, nails, etc., from the 
worthless material. The ‘high cost of metals has made the 
saving of metal turnings and separation of iron and steel 
from brass well worth while. 

The use of powdered or pulverized fuel has been extended 
and this has led to the need of magnetic separators in cement 
plants, steel plants, power houses and many other kinds of 
plants. For open hearth furnaces, a brief mention here of the 
process of furnishing the pulverized coal and the use of the 
magnetic separator. 


First the tramp iron is removed from the coal by means | 


of magnetic separators. Coal as delivered to the milling 
plant always contains an astonishing amount of tramp iron 
in the form of bolts, -nuts, rivets, nails, bar iron, railroad 
spikes, muleshoes, etc. Any of these materials entering the 
crusher or pulverizer might result in damage to the machine, 
with consequent delays in operation. 

The foreign material can be entirely eliminated by the 
use of a magnetic separator, located at some point ahead of 
the crusher. When the material passes over the pul- 
ley which contains the magnet, the magnetic material, con- 
sisting of tramp iron, is attached and held firmly against the 
belt and remains in contact with the belt until it leaves the 
magnetized zone, which is at some point beyond the under 
side of the magnetic pulley. The tramp iron drops from 
the belt after it leaves the pulley and is delivered to suit- 
able boxes by means of a chute, the coal continuing on its 
course. 

The shortage of natural gas caused the Missouri, Kansas 
& Texas Railroad to decide upon pulverized fuel for the 
water tube boilers in the power house of the shops at Par- 
sons, Kan. The equipment for pulverizing and drying fuel 
is contained in a separate building, which is located near 
one end of the boiler house, and the coal is dumped from the 
cars directly into a concrete track hopper adjoining this 
building. The plant is designed to handle either mine run 
or slack coal, and immediately below the track hopper is 
placed a set of rolls, which reduce lumps up to 12 x 18 inches 
to 5-inch cubes or less in one operation. As the coal passes 
through this crusher, it drops onto a belt conveyor, which 
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discharges diretly into a set of corrugated rolls. The upper 
end of the belt conveyor passes over a 24 x 22 inch Cutler- 
Hammer magnetic separator pulley, the function of which 
is to remove any pieces of iron or steel which may be in 
the coal and retain them on the belt until the latter passes 
off the underside of the pulley, the metal then dropping to 
the floor behind the crusher. This crusher reduces the coal 
to pass through a 34-inch mesh or less, and delivers it into 
a dust-tight elevator, from which it is distributed into a 
storage bin over the coal dryer. 


CHEAPER PROTECTION FOR ELECTRICAL 
DEVICES. 


Suppose something—a short circuit for instance—should 
take place on the power line in your locality and the ma- 
chines in the station which send you current should happen 
to be unprotected. Serious damage would almost certainly 
result—lights might be out for hours rather than minutes— 
fans, motors, heating devices and vacuum cleaners would 
cease their operation. 

But, of course, this rarely happens, for protection is usu- 
ally adequate. Circuits are safeguarded automatically by 


Tripping transformer for protecting electrical circuits. 


electrically operated devices which, opening under unusual 
stress, cut off the circuit at a sign of danger. 

As a rule, these automatic devices receive the power 
which causes them to open the circuit from “current trans- 
formers” which change the current from a large to a small 
quantity and keep the dangerous “voltage” or high pressure 
away from the automatic devices. The transformers also 
assist measuring instruments in their duties as indicators 
and recorders of the current or power on the line. When 
thus used the “transformers” must possess high accuracy and 
hence are quite expensive. 

Today if measuring and recording are unnecessary, as 1S 


‘true in many cases, a small “tripping transformer” (see illus- 


tration), designed recently by the General Electric Company 
of Schenectady, N. Y., may be used in connection with the 
automatic device. 

This eliminates the higher price of the more accurate 
transformer and since the new device is accurate enough for 
tripping purposes, it offers a similar advantage, that is, it 
results in a simpler, cheaper, and safer arrangement. 

Although small and inexpensive, the new “invention’ 
offers a convenient and very satisfactory method of safe- 
guarding valuable apparatus. 
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Furnace Shield. 


1,245,030. Walter S. Rockwell, New 
York, N. Y., assignor to W. S. Rockwell 
Company, New York, N. Y. The patent 


combines a furnace front, applied to the 
doorway of a furnace which emits hot 
gases, with a hood open at the top and 
acting as a draft flue The furnace front 
has a sill on the level with the floor of 
the furnace, over which sill the hood is 
suspended. A shield which is supported 
adjustably upon the front, is constructed 
so that it may be moved to and from the 
sill to prevent the forward discharge of 
gas. A blast pipe, situated at the mouth 
of the hood, operates as an injector to 
draw the hot gasses from the open door- 
way into the hood. 


Roll Construction for Rolling Mills. 

1,244,464. William J. Bradley, Troy, 
N. Y. A roll for rolling shapes with 
spaced inside shoulders, the same includ- 
ing a pair of opposite marginal die-rings 
provided with shoulder shaping die sur- 
faces, and an intermediate ring inter- 
posed between the marginal rings and 
provided with a flat peripheral die sur- 
face and with flat shoulder shaping die 
edges, the latter overhanging the die sur- 
faces of the marginal rings, the said in- 


termediate ring being interchangeable 
with similar rings of different widths. 


Steel Heating Furnace. 


1,244,578. William R. Bennett, Elm- 
wood, Conn. The invention consists of 
a furnace for treating steel pieces, com- 
prisimg three superposed heating cham- 
bers, a combustion compartment posi- 
tioned immediately below the lowest 
chamber, passages disposed uniformly in 
or near the periphery of the floors of the 
lowermost chambers, to provide commu- 


by Gor gle 


nication for the products of combustion 
through the two lowest chambers, said 
uppermost chamber being out of com- 
munication with the products of combus- 
tion being heated by the heat of the 
chamber below, the furnace having an 


Zilli 


mes 
air space below the floor of the upper- 
most chamber and said chamber having 
ineans for the admission of air at given 
intervals to reduce or hold at a given 
degree the temperature of the upper- 
most chamber. 


Open Hearth Furnace. 
1,245,555. Thomas S. Blair, Jr., Chicago, 
Ill., assignor to Blair Engineering Com- 
pany, New York, N. Y. The invention 
consists of walls so arranged as to form 
a gas port and a downtake communicat- 
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ing deine it, “tite wpe penny of the end 
wall of the downtake being faced with 
chrome ore, immediately below the en- 
trance of the gas port. A series of-water 
cooled shelves maintain the facing: in 
place. 


Pouring Apparatus for Hot Metal. 


1,246,783. Edgar J. Reilly, Youngs- 
town, O., assignor to The William B. 
Pollock Company, Youngstown, O. This 
invention consists of a fixed stand-so 
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constructed as to receive the bearing 
surfaces of the lugs of the ladle on a 
rotatable cradle by means of which the 


cradle may be tipped. The stand of the 
invention is equipped with a ladle guard. 


Method of Operating Furnace and Oven 
Apparatus with Recovery of Heat. 

1,246,114. Heinrich Koppers, Essen-on- 
the Ruhr, Germany, assignor, by mesne 
assignments, to H. Koppers Company. 
In operating a regenerative furnace heat- 
ed by producer gas, the method of ef- 
fecting a draft reversal! which consists 
in interrupting the air swpply and steam 
supply to the gas producer to stop the 
production of gas therein, putting the 
furnace off the gas producer, changing 
the position of the air valves and waste 
gas valves of the furnace, and reconnect- 
ing the furnace and the air and steam 
supply to the gas producer. 


Pipe Rolling Machine. . 
1,245,827. Cowles Mead Vaiden, Vai- 
den, Miss. This patent comprises a pipe 
rolling machine, so constructed that the 
lower and rear rolls may be vertically 
adjusted; the rear roll being adjusted oS 


manual means and the lower roll by the 
rotation of the rolls. A bearing for one 
end of the lower roll, hinged to the frame 
of the machine, is operated by the ro- 
tating apparatus so as to swing outward 
and afterward raise the upper roll. A 
device is provided sc that the raising of 
the upper roll lifts the rolled pipe from 
the lower roll and the swinging of the 
bearing provides means for stripping 
the pipe. 
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Hardness Testing Machine—A recent 
12-page bulletin by Scientitic Materials 
Company, Pittsburgh. Pa., shows con- 
struction and application of their im- 
proved Americal model, Brinell hardness 
testing machine. 
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Sherardizing Furnaces—(ieneral Elec- 
tric Company has issued Bulletin No. 
48,926, describing electrically heated sher- 
ardizing devices which they have on the 
market. 


Industrial Safety --‘Safety First,” pub- 
lished by the Younystown Sheet & Tube 
Co. of Youngstown, ©., is a general 
review of the safety work at their plant. 
written by J. M. Waliz, safety director. 


Steel Mill Safety— "Rules and Instruc- 
tions” is a booklet which the Youngs- 
town Sheet & Tube Co. presented to all 
their employes and contains the pick 
of the most practical and necessary steel 
plant safety rules in existence, together 
with elementary Jirst aid instructions. 


Containers—"Plaw 
and Their Limitations” is the title of a 
new folder received from Blaw-Knox 
Company, Pittsburgh, Pa, which is jusi 
a little bit different trom the general run 
of advertising literature. 


Ilolding Drums 


Draft Recorders—.\ complete descrip- 
tion of the hydro pressure and draft re- 
corders is contained in catalogue “T),” 
issued by Bacharach Industrial Instru- 
ment Co., 422 First avenue, Pittsburgh, 


Pa. Besides explainine the design and 
construction of the recorders, — this 
pamphlet shows the ifterent types of 


the hydro draft and pressure recorders, 
together with the many uses and apph- 


Calions in toe. diferent fHelds of indtis- 
try. 
Efficiency Devices -—— The Esterline 


Company, Indianapolis, Ind., publishes a 
monthly bulletin, “The FEsterline Graph- 
Led 


ic,’ which will be mailed to those inter- 
ested in industrial efficiency. 


Pumps and Compressors — Inversoll- 
Rand Company. Itaston, Pa., have just 
issued the following leaflets describing 
their products. Coptes may be had upon 
request. Iform &509—4 page leaflet on 
“Pocket Oil Flask.” Form &5&8—"Steam 
Condensing Plant.” Form 3118—32 page 
catalogue on “Compressors and Vacuum 
Pumps for Extraction of Gasoline from 
Natural Gas.” Form 4302—20 page cata- 
logue on “Sergeant Rock Drills.” 


Tumblers and Dust Arresters—Cata- 
logue 132, issued by the Whiting Foundry 
Equipment Company, Harvey, IIL, de- 
scribes their line of tumbling and dust 
arresting equipment. 


Department of the Interior, Bureau of 
Mines, has issued the following new 
publications: Bulletins — Bulletin 13], 
“Approved Electric Lamps for Miners,” 
by Hf. Hf. Clark and I. C. IIsley. 1917. 
50 pp. 17 pls. 7 fies. Bulletin 136, “De- 
terioration in the [leating Value of Coal 
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During Storage,” by H. C. Porter and 
F. K. Ovitz. 1917. 38 pp., 7 pls. Bulle- 
tin 141, “Yearbook of the Bureau of 
Mines, 1916,” by Van H. Manning. 1917. 
173 pp., 17 pls., 8 figs. 

Technical Papers—Technical Paper 167, 
“Men Who Received Bureau of Mines 
Certificates of Mine Rescue Training, 
July 1, 1914, to June 30, 1916,” compiled 
by D. J. Parker. 1917. 66 pp. Technical 
Paper 173, “Coke Oven Accidents in the 
United States During the Calendar Year 
1916" compiled by A. H. Fay. 1917. 19 
pp. Technical Paper 175, “Production of 
Explosives in the United States During 
the Calendar Year 1916," compiled by A. 
H. Fay. 1917. 24 pp. 

Handbook—“Advanced First Aid In- 
structions for Miners; a Report of Stand- 
ardization,” by C. H. Halberstadt, A. F. 
Knoeffel, W. A. Lynnott, W. 8. Rountree, 
and W. J. Shields. 1917. 154 pp., 65 figs. 

Note—Only a limited supply of these 
publications is available for free distribu- 
tion and applicants are asked to co-oper- 
ate in insuring an equitable distribution 


by selecting publications that are of 
especial interest. Kequests for ail pa- 
pers can not be granted. Publications 


should be ordered by number and title. 
Applications should be addressed to the 
Director of the Bureau of Mines, Wash- 
ington, D. C. 
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National Safety Council. annual congress 
for 1918 will be held at St. Louis, Mo.,, 
the third week in October, 1918. Ilead- 
quarters will be at the new Stattler Ho- 
tel. W. H. Cameron, general manager, 
Continental & Commercial Bank build- 
ing, Chicago, JI. 

Iingineers’ Society of Western Penn- 
sylvania, December 4, 1917, mecting, 
“Manufacture and Use of Die Castings,’ 
by Charles Pack. December 18, 1917, 
meeting, “Gears,” by J. H. MeAlpine. 
Both meetings in the Union Arcade 
building auditorium. 


At the Philadelphia section of the A. I. 
S. I. E., to be held in Philadelphia, Jan- 
uary 5, Messrs. John C. Reed and Mer- 
wyn J. Hocker, electrical engincers of 
the Bethlehem Steel Company. Steelton, 
Pa., will deliver a paper entitled ‘“Filec- 
trically Operated Bridges.” 

Pittsburgh section A. I. S. EL EF. 
Youngstown, O., December 15. 


American Society of Mechanical En- 
gineers, New York City, December 26-2”. 

American Mining Congress, State Chap- 
ter, Phoenix, Ariz., December 26-29. 

American Society of Mechanical Iingi- 
neers. Monthly meeting, first Tuesday. 
Calvin W. Rice, secretary, 20 West 
Thirty-ninth street, New York City. 

Providence Engineering Society. 
Monthly meeting, fourth Wednesday of 
each month. A. E. Thornley, corre- 
sponding secretary, P.O. Box 7%, 
Providence, R. TI. 
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E. S. Lincoln, Inc., announce a change 
in location from 25 Silver street, Water- 
ville to 534 Congress street, Portland. 
Me. This change will enable them to 
render more prompt and better service. 

I}, A. Brewer, formerly advertising 
manager of the Electric Controller & 
Manufacturing Co., has joined the Na- 
tional Army. He is succeeded by H. II. 
Volek. 

W.-C. Renkin, formerly chief engineer 
for the A. M. Byers Company, of Pitts- 
burgh, Pa. is now manager of the en- 
gineering department of the Quigley 
Furnace Specialties Company, 26 Cart- 


landt street, New York City. His de- 
partment will specialize in) powdered 
coal installations. 


R. L. Browne has recently become as- 
sociated with the Goldschmidt Thermit 
Company, of New York City, as com- 
mercial engineer. He has been identitied 
with electrical and mechanical engineer- 
ing professions for 15 years and has 
spent several months in the foundry of 
the Thermit company, acquiring a knowl- 
edge of thermit welding. 


Hi. Norman Brooke and F. H. Brooke, 
of Shefheld, England, have acquired the 
exclusive manutacturing and selling 
rights on Maccallum Metal-Kase Brick 
in Great Britian. The Messrs. Rrooke 
manufacture large quantities of silica and 
magnesite brick at their Cleveland, Eng- 
land, works. They are associated with 
Benjamin I. Talbot. of the Cargo Fleet 
Tron Works and inventor of the Talbot 
steel making process. 


W. EF. Trenary, Jr. sueceeds W. R. 
Jemison as representative of the Har- 
rison Safety Boiler Works, of Philadel- 
phia, Pa., manufacturers of steam plant 
appliances. His oftices are at 419 Brown- 
Marx building, Birmingham. Ala. 


R. J. Morgan, who has resigned his 
position with the Midvale Steel & Ord- 
nance Co., has been appointed supervisor 
of sates of the American Steel Expori 
Company, New York. Mr. Morgan, pri- 
or to his connections with the Midvale 
Steel & Ordance Co., spent 13 years with 
the Carnegie Steel Company. 


The Electric Furnace Construction 
Company, of Philadelphia, announce the 
sate of a “Greaves-Ftchells” electric fur- 
nace to the Ford Motor Works, of De- 
troit, Mich. The Halcomb Steel Com- 
pany of Svracuse, N. Y., have purchased 
two 3-ton furnaces. Both of these con- 
cerns will use their new furnaces in con- 
nection with government aeroplane 
work. 


Charles L. Hall, prominent structural 
and mechanical engineer, has left the 
construction department of the Armour 
Company. Chicago, Ill, to join the staff 
of Booth-Hall Company, 545 West Wash- 
ineton street, Chicago, Ill... manufactur- 
ers of electric steel furnaces. Tle will 
act as production manager. 
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GUMULATIVE INDEA 


March 1913 to December 1917 


The following is a cumulative index of 
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all feature articles having appeared in THE BLAST 


FURNACE AND STEEL PLANT since its inception. An attempt has been made to index the 


articles under 
required informat 


the following departments appear regularly each month: 


Production Topics, 


By-Product Coke Oven Oper 


News of the Plants, 
ations, With the Equipment Manufacturers, 


Notes, Trade Publications and Society Meetings. 


Bessemer and Open Hearth Temperature Gag- 
ing—George K. Burgess, Mar., 191%, p. 117. 


Application of known pyrometric devices 
to measurement of molten iron and steel 
temperatures. Corrections to be observed 
for accuracy. 


Roll Seale As a Factor in Bessemerizing— 
A. Patton and F. N. Speller, Apr., 1917, p. 161. 


Use of otherwise waste product in facil- 
itating control of pig iron refinement in 
the converter. Mill records to show ef- 


Blowing Engines. 
ig Drives for Compressors. May, 1916, p. 


Gas Engines at Blust Furnaces and Steel 
Plant. July, 1913, p. 14. 


Testing Blowing Engines for Leakage. June, 
1913, p. 54. 


Reliability of Blowing-Engine — Indicator 
Cards—W. Trinks, Mur., 1914, p. 18. 


Measuring Air Delivered by a Turbo Blower— 
Thomas G. Estep, Jr., Dec., 1917, p. 558 
‘ombination of standard orifice and pitot 
tube used for accurately measuring air de- 
livered from turbo blower to_ blast fur- 
nace. Static measurement eliminated. 


Turbo Blower and Compressor Regulators— 
W. Trinks, Sept., 1916, p 426. 
Adapting the turbine driven unit to the 
various services around the blast furnaces 
and steel slant through proper applica- 
tion of regulating devices. 


Air Delivery Factors of Blowing Engines-— 
W. Trinks, Dec., 1916, p. 551. : 
Showing wherein various characteristics 
of the engine may contribute toward the 
air supply. Typical examples from prac- 
tical experience found by investigators. 


Gperatiag Characteristics of Turbo Units. 
July, 1916, p. 317. 
Discussing the similations and appues 
tions of turbo units for high duty low- 
ing and pumping service. Characteristics 
to be considered in their installation. 


Regulating Turbo Blowers or Compressors— 
Carl Grosswendt, Feb., 1916, p. 76. 
Means of obtaining specified operating 
conditions under nig Airy handicaps. Using 
turbo blowers for meeting irregular blast 
demand at efficiency power draft. 


Causes of Pre-Ignition in Operation of Blast 
Furnace Gas Iingine. March, 1915, p. 273. 
Experimental determination of possible 
governing factors in eoke conditions, 
amount of water vapor present and other 
contributory causes of irregularity in fir- 


ing cycle. 


BESSEMER PROCESS 


fect of varying additions to blow. kf- 
fect of moist scale. ; 


Temperature Measurements in Bessemer and 
Open Hearth Practice. May, 1917, p. 225 


Investigation of Bessemer Converter Action— 
W. Trinks, Jan., 1916, p. 25. 


Why is the blast pressure in a Bessemer 
converter several times that necessary to 
overcome the ferrostatic pressure? ‘This 
and other problems of converter opera- 


BLAST FURNACE 


Performance Record of Gas Blowing Unit. 
July, 1915, p. 694. 
Operating characteristics of large blast 
furnace gas engine installed at Pennsyl- 
vania Steel Company’s plant at Steelton. 
New feature proving successful. 


Modern Gas-Power Blowing Stations. March, 
‘1915, p. 295. 


Turbo Blowers for Blast Furnace Use. May, 
1914, p. 34. 


Improving Blast Furnace Blowing Engine. 
Oct., 1917, p. 456. 
Blowing capacity of existing plants in- 
creased by installing automatic plate 
valves. Methods of rebuilding blowing 
engines. Reciprocating engines vs. turbo 
blowers for blast furnaces. 


bare Blowers in Steel Mills. Cct., 1917, p. 
471. 


Removing Old Engine Bases. Feb., 1917, p. 78. 


Burden, 


Powdered Coal as a Blast Furnace Fuel. July, 
1916, p. 315. 
Boosting the furnace by blowing pulver- 
jzed coal into the tuyeres. High heats 
ossible with very little change in exist- 
ng ett equipment. Coke reduction se- 
cured. 


Uses of Extra Coke on the Blast Furnace— 
Wallace O. Imhoff, Jan., 1916, p. 13. 
Enumeration and classification of the need 
for more than the theoretical smelting 
amount of coke on the burden of the work- 
ing stack. Operating for coke savings. 


Stock Lines and Top Considerations. May, 

1915, p. 514. 

Recording burden level in working fur- 
nace under all conditions of operation. 
Value of mechanical filling bar. Larger 
stacks demonstrated in actual practice. 


Combustion Notes on Blast Furnace Coke— 
Herman A. Brassert, Sept., 1915, p. 834. 


Wherein particular references is made to 


subject headings rather than in alphabetical order; thus placing the source of 


ion in the most practical form. In addition to articles tabulated in this index 


Industrial Safety, Open Hearth, Some Points on 
Recent Patents, Trade 


tions are being attacked in this series of 
tests. 


Discussion: S. P. Bush and R. P. Flinterman, 
June, 1917, p. 251. 


The manufacture of steel castings. 


Need for High Air Pressures in Tuyeres— 
W. Trinks, Feb., 1917, p. 58. 
Report on experiment carried out with 
experimental apparatus to determine effect 
of vlast pressures in Bessemer tuyeres. 
Atomizing of charge conditions sought. 


the combustibility of furnace fuel. Influ- 
tions at stack. Physical and chemical fac- 
tors of weight. ; 


Puddle Cinder as a Blast Furnace Burden— 
Wallace G. Imhoff, June. 1916, p. 284. 
The cinder from pnddling furnace is often 
offered the merchant furnace buyer as ore. 
Considering this material from the point 
of view of the furnace operator. 


Blowing-in Burden of « Blast Furnace—Rob- 
ert Rollin, Sept., 1913. p. 22. 
Calculations Covering Carbon in Furnace—J. 
W. Richards, Feb., 1917, p. 67 
Discussing paper by H. P. Rowland, which 
appeared in these columns in May, 1916, 
issue. With diagramatic of carbon per 
ton of ircn as distributed. 


Fixing Furnace Burden from Analysis—t. 
Rollins, Feb., 1914, p. 44. 
See also Blast Furnace Construction. 


Chemical Reactions. 


Reactions and the Heat Balance of the Blast 
Furnace. Oct., 1913, p. 18. 


Desulphurization in the Blast Furnace. Aug., 
1916, p. 394. 
Method and procedure on desulphurization 
in the blast furnace. 
Recent Blast Furnace Advancement. Aug., 
1915, p. 757. 
See also Blast Furnace Operation, 


Recent Blast Furnace Advancements—A. E. 
Maccoum, Oct., 1915, p. 915. 


Carburizing Iron in Blast Furnace Gases—T. 
H. Bryom, Nov., 1915. p. 1,001. 
Interesting cases of change in chemical 
structure of materials suspended within» 
sphere of influence of gases from blast 
furnace. Cause of mysterious failures lo- 
eated by this research. 


The Chemical Reactions of Iron Smelting-— 
Walther Mathesuis, June, 1917, p. 258. 
The application of actual practice to the 
chemical theories involved in direct and 
indirect reductions. Solving the problem 
of premature combustion. raise for the 
coke producer. 
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Chemical Reactions of Iron Smelting—Henry 
P. Howland, July, 1917, p. 325. 


Su = om od as a anot igh e of Furnace Slag— 
allace G. Imhoff, Aug., 1917, p. 358. 


Free and sublimated sulphur. 
high sulphur iron. Relations to various 
furnace conditions, such as hearth tem- 
peresers fusion zone and furnace driv- 
ed Effect on slags. 
See also Blast Furnace Operation. 


Causes of 


Construction. 


oe Skip Hoists for Blast pexee Use — 
H. DL. James, Feb., 1917, p. 


Design characteristics of ac. and de. mo- 
tors when used for skip control. Obtain- 
ing accurate slow-down and mer without 
+? ited excessive apparatus installa- 
tion. 


Blast Furnace Construction. June, 1913, p. 28. 


Model Blast Furnace. Sept., 1916, p. 438. 


Description and illustrations of model of 
furnace designed and fabricated by the 
Bethlehem Steel Company, Lehigh plant. 


Distributing Blast Furnace Raw Materials— 
George W. Vreeland, Aug., 1916, p. 382. 


Concluding a discussion of the application 
and serene characteristics of the types 
of tops and distributing devices in use at 
modern installations. 


Distributing Blast Furnace Kaw Materials—- 
George W. Vreeland, June, 1916, p. 


Discussing the 2 fet pega and operating 
characteristics of the types of and dis- 
tributing devices in use at modern instal- 
lations. Probable trend of development. 


ae pe bias Stack Pay Overhead, Sept., 
» DP. 
The question of a small stack confronts 
a community. Expert opinion discounts 
the feasability of such an installation on a 
paying basis under normal conditions. 


German Adoption of Neeland Skip Bucket. 
Feb., 1916, p. 90. 
Presenting the curious fact of an Ameri- 
ean bucket finding wider use abroad than 
at home. The Neeland charging bucket as 
used in Germany. 


Modern Blast Furnace Erected in 85 Days. 
July, 1916, p. 320. 
Cambria Steel vemeee makes remarka- 
ble record in building 500-ton furnace. 
Fast time due to new efficiency methods, 
gang organization, co-operation of de- 
partments and men used. 


Influence of Distributor on Stack Burden— 
J. C. Barrett, July, 1916, p. 323. 
Showing how the McDonald distributor 
serves the needs of the furnace b reme- 
we imperfect skip filling and discharg- 
= Securing uniformity with little e 
ore. 


i le Stack Stock Handling Problems— 
Charles C. Lynde, Aug., 1915, p. 752. 


Storage and easy access to materials. 
Quest in bearing on scope of ore furnace 
lants.. Seasonal as well as market con- 
itions to be met by merchant furnace 
operator. 
Electric Motor Drive for Bell Hoists. Feb., 
1917, p. 74. 


wer Hoists for Automatic Handling—H. V. 
Schiefer, Sept., 1917, p. 402. 
Classification of various types of skip 
hoists. Comparison of automatic and 
semi-automatic control. Handling of coal, 
ore, blast furnace burden, ashes and clay. 


Cinder Notch Stopper. Sept., 1917, p. 414. 


By-Products. 

Utilization of Flue Dust—tThe Greenwalt Sin- 
terns Process—L. M. Smith, July, 1913, 
p. 29. 


The Blast Furnace as a Potash Producer. 
June, 1916, p. 296. 
i pag from slag. Blast furnace by-prod- 
u . 


Potash as a at By-Product—R. J. Wy- 
_ sor, Feb., 1917, p. 72. 
Outlining hs possibilities of a new field 
for blast furnace savings, in the saving of 
potash and derivatives. Occurrence and 
nature of deposits within furnace. 


Digitized b 


» Google 
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Potash as One Blast Furnace By-Product—F. 
J. Wysor, Mar., 1917, p. 110. 


Continuing the outline of the repre 
ties for recovering potash and its com- 
pounds from the flue dust deposited by 
the blast furnace and its auxiliaries. 


Potash as One Blast Furnace By-Product—R 
J. Wysor, Apr., 1917, p. 167. 
Concluding the discussion of the possi- 
bilities involved in the blast furnace as a 
producer of potash and compounds in 
commercial quantities. Results from fur- 
nace comparisons. 


By-Products in DT and Steel Manufacture. 
July, 1914, p. 


Blast Furnace Gas. 


Stack Gas for Boilers 
(Part 1)—A. N. Diehl, Nov., 1915, p. 
Discussing minutely the adaptation “of 
various burner and stove conditions which 
may or may not make for economical 
combustion of blast furnace gas. 


and Hot-Blast Stoves 


Stack Gas for Boilers and Hot-Blast Stoves (2) 
—Ambrose N, Diehl, Dec., 1915, p. 1,045 


Second part of series discussing burner 
types and efficiencies found in actual 
working conditions in stove and boiler 
installations. Test figures from _ repre- 
sentative plants. 


Modern Methods of eng Blast Furnace Gas 
Under Stoves and Boi aoe (Part 3)—A. N. 
Diehl, Jan., 1916, p. 27. 


Continuation of discussion of types of 
burners for stove use, with conclusions 
covering principal types of burners for 
boiler work, with series performance 
figures from representative corporation 
plants, 


Modern Methods of Using Blast Furnace Gas 
Under Stoves and Boilers (Part 4)—A. N. 
Diehl, Feb., 1916, p. 79. 


Representative boiler test figures used as 
basis for compariso of burner character- 
istics. Indirect and direct test results 
compared as to findings. 


Modern Methods of Using Blast Furnace Gas 
Under Stoves and Boilers (Part 5)—A. N. 
Diehl, Mar., 1916, p. 129. 


Obtaining ideal conditions for the r- 
formance of boilers during test. Elimi- 
nations of air leaks and scale as other 
evaporation retardants before operating. 


Modern Methods of Using Blast Furnace Gas 
Under Stoves and Boilers (Part 6)—A. N. 
Diehl, Apr., 1916, p. 170. 


Continuing the investigation of blast fur- 
nace £8 burning conditions with a set of 
test figures to show efficiencies to be ex- 
pected and obtained. 


Modern Methods of es Blast 
Under Stoves and ~— 
Diehl, May, 1916, p. 


Closing the mbes eh of a paper cov- 
ering the use of blast furnace gas as a 
fuel for stoves and boilers. Summarizing 
respi and test for burner recommenda- 
tioss 


Stack Gas for Boilers and Hot-Blast Stoves 
(Part 1)—A. N. Diehl, Nov., 1915, p. 989. 


Discussing minutely the adaptation of 
various burner and stove conditions which 
may or may not make for economical 
combustion of blast furnace gas. 


Furnace Gas 
rs (Part 7)—A. N. 


Blast Furnace Gas in Steam Production—S. 
M. Marshall, Apr., 1915, p. 506. 


Possibilities in bettered boiler efficiencies 
with more accurate burner manipulation 
and discression of variation caused by 
furnace operation with new burner de- 
scription. 


Dry-Hot vs. Cold-Wet Furnace Gas Cleanin 
—Linn Bradley, H. D. Egbert, W. 
Strong, Mar., 1917, p. 104. 


Comparing the efficiencies secured and 
losses sustained through using both of 
the methods for purifying furnace gases 
of entrained dust. Recommendations for 
process. 


Economies Effected by Washed Stack Gas-- 
Charles C. Lynde, Sept., 1916, p. 462. 


Improving economy and obtaining better 
running periods with blast furnace gas 
burning equi SS through the use of 
modern wor and drying units. 


Combustion of We ee Iron in Gasee—F. 
Harbord, Dec tad 


Wrought iron tubes n 
furnace gases at m ‘iow 
tures were found to a " 


mit the formation of black 
potheses offered 


Burner Shifts to Meet Varying Conditions— 
Charles C. Lynde, Aug., 1916, p. 365. 
Effect of Moisture ne pee the rll ag 2 
ture of Blast Fu 
Nov., 1913, p. 26. Bune 
Operation. 


’ Stocking and Char Merchant © 
—Char a les C. toa ee OF 1915, p. 


mrs in operating practice at 
of the Stewart eon Compan: s 
planned with a to econ - 
ation of an isolated unit. 


Heat Losses in Furnaces—F. A. J. Fitzgerald, 
Aug., 1913, p. 46. 


Beonamy in Use of age 3 Furnace Carbon— 
P. Howland, May, 1916, p. 219. 
haa to be secured to <e hinet 
coke consumption and methone 
ing same. Influence of < ae 
lation between wind, and 


Uses of Extra Coke on the Blast Furnace— 
Wallace O. Imhoff, Jan., 1916, p. 13. 
Enumeration and classification of the 

for more than the theoretical 
amount of coke on the burden of the 
ing stack. Operating for coke 


Stack Rehwbilitation for Alloy Output—Chas, 
C. Lynde, May, 1915, p. 500. 
Old plant running on ferrosilicon burden. 
Bessie furnace at N New Straitsvi! 
type of single-stack installation 
giving good operating results. 


Stock Lines and Top Consideratio May 
1915, p. 514. 3 “a : 
Recordin 


burden level in _ fur- 
nace under all conditions of 
Value of mechanical filli bar. 
stacks demonstrated in actual 


Bese of Linigg = on Charcoal Furpace Prac- 
tice. Dec., » Pp. 1,060, 


Recent Blast Furnace Advancement — 
Maccoun, June, 1915, p. 592. 2 ta 
Factors contribetina oped : fo 
stack practice as develo atest meth- 
ods of use. Value of hot dlast in 
ful furnace campaign. Stove 


kecent Blast Furnace Aare (2)—A. E. 
Maccoun, July, . 670. 
Factors contributin RL . improvements 
stack practice as deve g oped tn latest sooo 
ods in use. Value of eet blast to success- 
ful furnace campaign. Stove 


Recent Blast Furnace Advancement 3)—A. E. 
Maccoun, Sept., 1915, p. 844. ‘ 
Factors contributing to im 
stack practice as devel 


ods in use. Value of hot {blast to 8 to 
ful furnace campaign. yee 


Recent Blast Furnace Advancement mre E. 
Maccoun, Oct., 1915, p. 915. ad 


Factors contributing to 

stack practice as devetoned | in latent meth- 
ods in use. Value of hot bla 

ful furnace campaign. ‘Test 


Cause of Vibration in Cold Blast nem 
1915, p. 1,010. “Nor. 


delivered 4 reciprocatin 
pants es which cause d 
echanical means for dam 


Service Data on the Brown vuiniel ‘Top-K. 
L. Landgrebe, July, 1916, p. 329. Tre. 
Mechanical features i 


changes in 


How Tuyeres Indica 
Waites G. Imhoff, 


layout. ; a 


operations. 


Trend of Moser: Se 


Original from 
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vigil! Furnace With Increased Blast Heats 

ter Mathesius, Mar., 1915, p. 279. 
Securing economy and long operation with 
higher blast temperatures for melting 
Mesaba ores. Valne of cleaned gas and its 
effect on stove capacity. Metlods of burn- 
ing gas. 


Measurement of Hot Blast aan Heat Losses 
—R. J. Wysor, Dec., 1915, p. 1,041. 
Influences of cooling effect ‘of hot blast 
mains brought out by measurement of 
temperature drop between stove and stack 
temperatures. eed for adequate insula- 
tion demonstrated by figures. 


ea Skip Hoists for Blast Furnace Use— 
D. James, Feb., 1917, p. 71. 


iar characteristics vf ac. and de. mo- 

tors when used for skip control. Obtain- 

ing accurate slow-down and stop without 

=e excessive apparatus to installa- 
on 


Air Drying Methods for Blast Furnaces—Leon 
Cammen, May, 1917, p. 216. 
Cryogenis and chemical means for drying 
blast considered. One type of rocess 
which gives large volumns at relatively 
low production cost. (Description.) 


Adding Stack Capacity. Oct., 1914, p. 5. 


Modern American Blast Furnace Practice— 
Herman A. Brassert, June, 1914, p. 5. 


Modern American Blast Furnace Practice— 
Herman A. Brassert, July, 1914, p. 16. 


Modern American Blast Furnace Practice— 
Herman A. Brassert, Aug., 1914, p. 46. 


Coefficient Curves for Stack and Oven Gas— 
Thomas G. Estep, Jr., Apr., 1917, p. 147. 


Presenting further discussion of the ori- 
fice method of measuring gas volumes. 
Curves given for blast furnace and coke 
oven gas to simplify measurements. 


Coke in Blast Furnaces—C. J. Ramsburg and 
F. . Sperr, Jr., Nov., 1917, p. 536. 


Determination of Coke Oven Heat Balance. 
Dec., 1915, p. 1,034. 


Combustion Notes on Blast Furnace Coke— 
Herman A. Brassert, Sept., 1915, p. 


Wherein particular references is made to 
the aap cgalerne 4 of furnace fuel. Influ- 
ence of by- es duct on burdening condi- 
tions at stac Physical and chemical fac- 
tors of weight. 

— of Coke.—R. Rollins, 


The May. 1914, 
p. 


July, 


By-Products of Coke Oven Instalation. 
1917, p. 333. 


By-Product Coke Oven Pressure Regulation 
—W. Trinks, Oct., 1917, p. 461. 


Theory and operation of a _ by-product 
coke oven pressure regulator with a dis- 


CONSTRUCTION AND DESIGN 


Crane Handling for Sheet Mill Products— 
Charles C. Lynde, Apr., 1916, p. 165. 


Layout and equipment at Canton Sheet 
Steel Compa he plant to provide for 
elimination hand  truckin Crane 


haulage used in production epartment. 

Ibreaking Out Large Boulders. May, 1915, 
p. 570. 

Doubling Bridge Capacity on Old Piers— 


Charles C. Lynde, Apr., 1915, p. 468. 


Ohio connecting bridge across Ohio river 
below Pittsburgh made  double-track 
structure without adding to foundation 
work. Train operation provided over one 
line at ajl times. Type of top-chord trav- 
eler used on spans. 


Completit fs pt A Work. on Railroad Job. 
Apr., 19 
Meeting construction problems introduced 
by taks of building new line along old 
tracks without disturbing traffic. Handling 
tsa from penry euts and tunnel work. 
ovisions for labor on 12-mile stretch 
of contract. 


the Blast Furnace Steel Plant 


Modern American Blast Furnace Practice-— 
Herman A. Brassert, Oct., 1914, p. 42. 


Conservation of Blast Furnace Flue Dust. 
Jan., 1914, p. 14. 


Utilization of Blast Furnace Flue Dust. 
1914, p. 11. 


Prevention of Tuyere Breast or Bosh Break- 
outs. Dec., 1917, p. 573. 


Jan., 


Bg Reactions of Superheating Slags— 
letcher, Dec., 1917, p. 549. 


Consideration concerning the mg 0 ere 
ing of slags and metuls during refinin 
smelting and alloying operations. Graph- 
ical representation of these reactions. 


Lime as a ompae of Furnace Slag—Wal- 
lace O. ake Sept., 1917, p. 411. 
Classification of lime features distinguish- 
ing lime. Hot furnace from lime cold fur- 
naces. Properties of cinder indications of 
furnace conditions. 


Stoves. 


Late Erourees in Hot Blast Stove Design— 
Arthur J. Boynton, Nov., 1016, p. 508. 


Summarizing the betterments in_ stoves 
and presenting operating data, showin 
wherein the changes have proved beneficial. 
First part of institute paper. 


ss in Hot Blast Stove Design 
—Arthur J. Boynton, Jan., 1917, 


Late Pro 
Ser 2 
5. eae 
 Gonstabine paper presented partially in 
November issue, listing and describing the 


important changes in stove structure and 
design. Insulation for heat saving. 


BY-PRODUCT COKE 


cussion by the manufacturer of the regu- 
lator in question. 


Data Concerning Typical 
Oven Installation. Sept., 


Iron Coke. Jan., 1917, p. 34. 


Compression of Coal in By-Product Coke Op- 
erations in Seotland. Mar. 1915, p. 204. 


By-Product Plant at Sheet & Tube Works— 
Charles C. Lynde, Jan., 1917. p. 1. 
New by-product coke plant of the Youngs- 
town Sheet & Tube Company, recently 
completed, contains many means for ex- 
nit os ‘materials handled with dual 
units. 


Effects of Benzol Process on Coke Oven Gas. 
Apr., 1915, p. 438. 


Sulphur Elimination in By- a Coking-- 
Cc. C. Campbell, Aug., 1916, p. 368. 
Wherein is shown the utuchie of sulphur 
upon the quality of coke and by-products 
obtained from rain coal. Inadequency of 
water as desulphurizing agent. 


By-Products Recovery in Coke Production—- 
W. H. Childs, June, 1916, p. 277. 


Utilizing the ammonia and gas yielded 


B rs: Coke 
1017, p. $38 


Moving Stocks at Supply and Field Depots— 
eva C. Lynde, Mar., 1915, p. 331. 

s of Fearne found most econom- 
tt for unloading tonnages of building 
materials. Concentrating all liftin in 
one hoist and utilizing gravity as distri- 
bution force. 


Design of Structure for Open Hearth Use— 
C. A. Randorf, Oct., 1916, p. 469. 


Taking a large open hearth building and 
setting forth the points where the severe 
service demands extra strength or special 
handling. Provisions for safety. 


Grab Buckets for Difficult Handlin 

Edgar E. Brosius, Sept., 1915, p. 

Use of various bucket types for moving 

n hearth and converter slag, mill scale, 

nder and other stubborn materials. I)- 

lustrations of plants and their handling 
problems. 


Jobs-- 


Recent Progress in Corrosion a Sgt 


Daniel M. Buck, June, 1915, p. 5 
Methods now in vogue for retarding and 
wasting of iron and steel under the effect 
of air and water. 
types. 


Relative values of 


Hot Blast Stove 


Discussion of Hot Blast Stove Design—R. J. 
Wysor, Nov., 1916, p. 507. 


Efficieney—John J. Porter, 


Mar., 1913, p. 9. 


7 Heat Balance of Hot Blast Stoves. Seva 
1193, p. 42. 


i aoe of Hot Blast Stoves. FON 


Mose American Blast Furnace Btoves.. Feb., 

PD. 
A German view of American’ types with 
some criticism based on tests abroad. 
Question of combustion efficiencies raised 
in the light of German exneriences. Com- 
ment on the two-pass and a de- 
sign. 

Ege Temperature Insulation and Control— 
A. Boeck, Feb., 1916, p. 61 


Reduction of heat losses at hot-blast 
stoves, mains, stacks and other points in 
furnace plant requires special insulation. 
Herein is information on this point. 


Mar., 1915, 


D. 
Sugiestions on ense of erection, with op- 
eration characteristics in the horizontal 
type. Contracts in vertical and horizontal 
stove efficiencies, as outlined by a German 
authority. 


rs Yc Blast Furnace Stoves. 


Suggestions Regardin ako pa of Hot 
Blast Stoves. Mar., 1917, p. 


High Rate of Heat Transmission in Blast Fur- 
nace Stoves. Apr.; 1914, p. 22. 


New oe Hot Blast Stove. May, 1914, 
p. 20. 


during the coking of coal. Uses and value 
of these important elements formerly wast- 
ed and their application to steel works 
conditions. 


The ee of Coal Tar Pitch. Dec., 1916, 
p. - 


By-Product Coke in the United Kingdom. 
Dec., 1917, p. 582. 


‘ By-Product Coke Ovens. Dec., 1917, p. 


Practical Limits of Coke Quality. Dec., 1917, 
‘ p. $82, 


ae -Product Coke Oven Pressure Begun, 
. H. Smoot, Nov., 1917, p. 503. 


~ Adjustment of valve openings té correct 
for variation of exhaust suction more 
variations in 


important than correctin 
eature improves 


gas volume. Stabilizing 
regulation. 


Attention is called to the fact that “The 
Blast Furnace and Steel Plant” maintains a 
regular department relative to this suwhbject. 
The articles in this department are not tab- 
ulated in this index. 


OF STEEL PLANTS 


Catenary Reinforced Concrete Flume—H. M. 
Gibb, May, 1915, p. 562. 


Flexible structure designed and construct- 
ed to provide for carrving of load under 
simple tension in material. Trestles used 
in place of arches as supports. 


Crane AOIe ora, for Open Hearth Work. 
Mar., 1915, p. 278. 
Bringing the eraneman closer to his work 
by extending cab. Better control. Safety 
also. 


Plant Building for the Future-—Charles C. 
Lynde, Oct., 1914, p. 12. 


Conpreenes cn Concrete Handling. May, 


1915, p 


Protecting pmo ‘from CotrGaton. 
Mar., 

Cina ot" ‘the causes of failures through 

corrosion with comparative results ob- 

tained from different coverings for steel 

in exposed locations. Necessity for blast 

plates where locomotive exhaust is to be 
met. 


Office Frills in Design of Reinforced Concrete 
—Edwurd Godfrey, May, 1915, p. 560. 
Reasons why the “patented” design had 
found entrance into the latest types of 
building construction even as it flourished 
in bridge building in the early days. 


Strength Tests of Reinforcement T s. May, 

1915, p. 557. a - 

Consistent results from experiments. Rel- 
ative values of each type. 


Structural Members as Concrete Stiffener— 
Charles C. Lynde, May, 1915, p. 554. 


Adaptation of steel for reintorcement in 
counterparts of canal lock walls. Saving 
of material thus affected and construction 
problems solved. 


A Resume of 2 Discussion on Reinforced Con- 
crete Design—Edward Godfrey. Apr., 1914, 
p. 476. 


Mr. Godfrey’s reply to arguments in favor 
of present standard methods of reinforee- 
ment before American Couerete Institute 
Accepted design of redded column and 
ipod ape form. of reinforcement as against 
hoop and anchored steel in concrete. 


Size and Design of Hot Metal Mixers. Oct., 
1915, p. 932. 


Duplexing as Practiced at Lackawanna— 
eorge E. Waterhouse, Nov., 1916, p. 514. 


The process as followed at the plant of 
the Lackawanna Steel Company. Plant 
revisions and operation schedule adopted 
for expediting process conditioning appa- 
ratus for work. 


Iron Desulphurization in Mixer Operation. 
Aug., 1916, p. 363. 


In which are presented German operating 


the Blast Furnace®Sheel Plant 


Foundation Problems in Bridge Work. Apr., 
1915, p. 474. 


(onstruction of twin caisson piers with 
structural steel truss reinforcing upper 
reinforcing upper head of connected piers. 
Protection of bridge against collision 
Sage Removable booms solve ice ques- 
tion. 


Laying Cable in Steel Plant—F. D. Egan, Oct., 
1914, p. 16. 


Destruction of Conerete Foundations (By 
Chemical Action). Apr., 1917, p. 174. 


Fitted Cast Iron Floors in Machine Shops. 
Feb., 1915, p. 149. 


Care of Hoisting Cables. Feb., 1915, p. 165. 


Heating Units for Large Plant Buildings. 
Apr., 1915, p. 430. 
How power plant exhaust is utilized at 
the works of the Mesta Machine Company. 
Pittsburgh; a description of the ventilat- 
ing duct system. 


DUPLEX PROCESS 


conditions as of pnpOrtene in mixer de- 
sign and driving. esulphurization as a 
mizer function. 


Duplexing Conditions in Steel Production—F. 
F’. Lines, Aug., 1915, p. 746. 


Modifications of original ge process as 
used at plant of Maryland Steel Works. 
Comparison of four methods passable un- 
der plant restrictions. Results obtained 
at unfavorable periods. 


Steel Production by the nNuplex Process—L. 
K. Furst, Sept., 1917, p. 390. 


Difficult Moving of Concrete Building. Mar. 
1915, p. 347. — 


Transportation of structure over 
grades and sround several res 
original location to new site. 


track and rollers for long move. — 


Critical Review of Current Cod 

Construction Practice. Mar., Pp. 
Discussion of various piace in pres 
building regulations with illu 
certain failures of theoretica 
structures. Faults in 
persist. 


Business Methods in Constrmiction Work— 
James L. Stuart, Apr., 1915, p. 467. 


Erection Traveler for Large Bridge Job. Mar. 
1915, p. 337, | ; 
Type of equipment u in co um 
of new Quebec bridge. Princlaal : 
and limitations imposed b of 

structure. Operation in field. y 


Wooden Roof Trusses. Oct., 16, p. 490. 


Construction and arrangement of ple 
ing plant. Consideration of ee of 
operation. Description of equ and 
hot metal mixers. 

Steel Production hy the Duplex Process—L. 


- WK. Furst, Oct., 1917, p. 458 


The second of a series of articles come. 
ing duplexing, which deseribes con- 
struction and operation of the converters 
and open hearths. 


Discussion of Duplexing—Qu Bent and T. 


W. Robinson, Noy., 1916, p. 


ELECTRICAL APPLICATIONS IN THE STEEL INDUSTRY 


Operation of Grab Bucket Coal Hoists—James 
Farrington and R. H. McClain, Nov., 1917, 
p. 507. 

Alternating current motors with dynamic 
braking and regenerative braking. Ac 
and dc installations compared with regard 
to most important features. 


Vibration of a Turbo Generator by Reso- 
nance. June, 1916, p. 96. 


Ore Transportation in Chile. Feb., 1917, p. 78. 


Electric Motor Irive for Bell Hoists. Fehb.. 
1917, p. 74. 


Blectrically Powered Sheet Mill Operatlon— 
Charles C. Lynde, Mar., 1916, p. 121. 


Unique features of Western Reserve Steel 
Company’s plant at Warren. Epeeciae a 
sheet production by simplifying work 
and shortening intervening distances. 


Electric Skip Hoists for Blast Furnace Use- - 
H. PD. Sannes, Feb., 1917, p. 71. 


World’s Largest Self-Cooled Transformer. 
July, 1917, p. 346. 


Pusher Car. July, 1917, p. 346. 
Heavy Duty Electric Motors. Aug., 1917, p. 
892. 


Electrical Operation of Bloom Shears—G. F. 
Staltz, Sept., 1917, p. 408. 


Overcoming the problem of clutch design . 


on Jarge bloom shears by omitting the fly- 
wheel and utilizing a direct-current mo- 
tor coupled directly to the shear. 


mageetic Shielding of Large Spaces. Dec., 
1916, p. 580. 


Purity of Platinum Ware. Aug., 1915, p. 766. 


Electrical Development in the Steel Industry 
—A. G. Abrens, Oct., 1917, p. 437. 


Brief review of recent developments and 
applications of electricity in refining and 
rolling steel. Shows tremendous increase 
in the use of electric power in mills. 


Electric Drives for Reversing Mills—D. M. 
Petty, Oct., 1917, p. 464. 


Reversing mill drives considered from 


standpoint of cost of eqnipment, efficiency 
and reliability. Description of operation 
of this type of drive. 


Iilectrie oists for Blast Furnaces. Apr., 
1917, p. 174. 


Use of X-Ray for Testing Steel. Apr., 1915, 
p. 438. 


Irame Vibration Responsible for Commutator 
Trouble. May, 1917, p. . 


Electric Towing Locomotives at Panama. 
Feb., 1915, p. 180. 


Problems worked out in devising of a 
new type motive power unit for service at 
Panama. Unique details of design re- 
quired in lecometives finally accepted and 
installed at the locks. Operating features 
and necessary safeguards against break- 
downs of towing system. Successful trials 
at the locks. 


Late Development in Electrical Equipment— 
K. A. Pauly, Oct., 1915, p. 901. 


Problems met by steel mill electrical en- 
gineer in adapting modern power unity 
to the needs of his industry. Systems for 
governing speeds of induction motors 
over considerable ranges. 


Control of Steel Mill Electric Hoists—G. BE. 
Stoltz and W. O. Lum, Apr., 1915, p. 512. 


Factors entering into control layouts of 
direct current equipment on blast furnace 
—— in rolling mills. Consideration of 
load. Stopping facilities. 


The Trend of Electrical Development—P. M. 
Lineoln, Aug., 1915, p. 803. 


Survey of field with forecast of future 
possibilities in power equipment. Rela- 
tion between cost and temperature of 
machine, Several steady improvements 
to be expected. 


Control of Electric Motors in Steel Mills—H. 
F. Stratton, Dec., 1916, p. 567. 


The operation of mechanically connected 
direct-current motors ples rmrn. | in se- 
ries Or permanently in paralel. iagrams 
and graphs showing characteristics and 
connections, 


Central Station Steel Mill Bl 
Brent Wiley and Wilfred Sykes, 
p. 905. 
Operation characteristics of steel 
electrical uipment with their 
to the offerings of central 
pee as against localized 
units. 


Using the Electric Are in Foundry 
—Robert E. Kinkead, Oct., 1915, p. sl. 


Various means whereby this 
source of auxiliary heat may be 
to advantage in solving casting: 
reclaiming effected. A valuab 
process, 


Rmergency Starting Rheostat. Feb., 1916, p. 
Parallel Packing of Nails by Blectricity. Apr. 
1916, p. 184. 3 a 
Removing Generator Dust. Apr., 1916, p. 184. 
Loading Pig Iron with Hlectro-Magnets. July, 
1916, yt So. ~~ 
Costs vs. Upkeep of Direct-Current ote S 
A. M. MacCutcheon, Oct., 1916, p. ek 


In which the author dissects 

motor and evaluates the 

of each improvement and | : 
the betterment to be expected. “ 


t |) 
Electrically Driven Hoppers for Coke Ovens. 
Oct., 1916, p. 490. “3 : P+ 


Cost vs. Upkeep of Direct- 
A. M. MacCutcheon, Noy., 


Electric Reversing Blooming M 
Nye, Dec., 1917, p. 566. 


Electric Power Eeonomy 
ley, Nov., 1917, p. 


Rapid increase in the 


tion of electric 
an important quest 
point of economy. 


Application. 


The Manufacture of Steel Custings—Robert 
P. Lamont, June, 1917, p. 247. 
Development in this country of the art of 
forming large castings. Problems of de- 
sign and treatment briefly sketched in the 
light of modern practice in large shops. 


Electric Steel Refining. Nov., 1915, p. 1,016. 


Flectric Furnace in Steel Manufacture—John 
A. Mathews, June, 1916, p. 260. 
The use and scope of electric furnace for 
the manufacture of high grade steel. 
Field compared with that of crucibles. 
Types and their application. 


Electric Furnace Heat Treatment of Steel— 
Thaddeus F. Bailey, Nov., 1915, p. 1,037. 


Reviewing the possibilities of the auto- 
matic electric furnace unit for producing 
the accurate temperature regulation pre- 
scribed for special steel. Advantages to 
be expected. 


Electric Steel Tests. Oct., 1916, p. 492. 
Electric Iron Ore Smelting. June, 1915, p. 598. 


wgence FI Smelting in New Zealand. Apr., 1917, 
p. *. 


Electric Furnace in Making Special Steel— 
Charles C. Lynde, May, 1917, p. 214. 
1,000-Ton Hydraulic Forging Press. Feb., 


1915, p. 187. 
Flectrifying the Forge Shop. Sept., 1915, p. 
897. i 


Relative Methods of Forming Steel: Pressing, 
Hammering or Rolling—John Lyman Cox, 
June, 1917, p. 252. 

Comparative data on effectiveness and 
quality of product in armanent and other 
heavy work, with hammers and presses. 
Limitations of each process under present 
American practice. 


Blast Furnace Gas. 


Stack Gas for Boilers and Hot-Blast Stoves 
(Part 1)—A. N. Diehl, Nov., 1915, p. 989. 


Discussing minutely the adaptation of 
various burner and stove conditions which 
may or may not make for economical 
combustion of blast furnace gas. 


Stack Gas for Boilers and Hot-Blast Stoves (2) 
—Ambrose N. Diehl, Dec., 1915, p. 1,045 
Second part of series discussing burner 
types and efficiencies found in actual 
workiug conditions in stove and _ boiler 
installations. Test figures from _ repre- 
sentative plants. 


Modern Methods of Using Blast Furnace Gas 
Under Stoves and Boilers (Part 3)—A. N. 
Diehl, Jan., 1916, p. 27. 


Continuation of discussion of types of 
burners for stove use, with conclusions 
eovering principal types of burners for 
boiler work, with series of performance 
figures from representative corporation 
plants. 


Modern Methods of Using Blast Furnace Gas 
e 


Tnder Stoves and Boilers (Part 4)—A. N. 


Diehl, Feb., 1916, p. 79. 


Representative boiler test figures used as 
basis for comparison of burner characteris- 
tics. Indirect and direct test results 
compared as to findings. 


Modern Methods of Using Blast Furnace Gas 


Tnder Stoves and Boilers (Part 5)—A. N. 
Diehl, Mar., 1916, p. 129. 
Obtaining ideal conditions for the_ per- 
formance of boilers during test. Elimi- 
mation of air leaks and seale and other 
evaporation retardants before operating 


Modern Methods of Using Blast Furnace Gas 


Under Stoves and Boilers (Part 6)—A. N. 

Diehl, Apr., 1916, p. 170. 

_ Continuing the investigation of blast fur- 
nace gas burning conditions with a set of 


he Blast Furnace@ Steel Plant 


ELECTRIC FURNACES 


Installation of furnace for producing steel 
of widely varyin grades. Method of 
electrical control for any combination of 
series and parallel electrode use. 


Electric Furnace Value on Production of Liq- 
uid Ferromanganese. Feb., 1915, p. 145. 


Experiments to fix economical working 
conditions in steel making where pre- 
melting is advisable. ne of apparatus 
used and comparative efficiencies. Usual 
manganese losses. 


Description 


Smelting Pig Iron in the Electric Furnace— 
Kobert Turnbull, Nov., 1917, p. 502. 


Shell turnings used as charge. Charcoal 
coke or coal for carbon base. Power 
shortage offers chief obstacle. Opportu- 


nity for cheaper production of low phos- 
phorus pig iron. 


sit ahead Electric Furnace. Feb., 1911, p. 


Frick Induction Furnace at 
Dec., 1913, p. 34. 


Greaves-Etshells Electric 
Staehle, Oct., 1917. p. 454. 
English furnace recently introduced into 
this country. Uniform product and con- 
stant circulation secured by convection 
currents set up by bottom heating. 


FORGING 


Locating Die Room: Protective Covering for 
Furnace Doors. Dee., 1915, p. 1,105. 


Krupp Works. 


Furnace—A. M. 


mar ag Scrap at Hammers. Aug., 1915, p. 
82]. \ 


aeere or Spraying Dies. Aug., 1915, p. 


Gang Production of Gear Blanks: Revolving 
Heavy Work. Oct., 1915, p. 979. 


1 


Using Furnace Heat Twice: Pre-Heating Deep 
Drawing Dies. Nov., 1915, p. 1,062. 


FUELS 


test figures to show efficiencies to be ex- 
pected and obtained. 


Modern Methods of Using Blast Furnace Gas 
Under Stoves and Boilers (Part 7)—A. N. 
Diehl, May, 1916, p. 213. 


Closing the presentation of a paper cov- 

ering the use of blast furnace gas as a 

fuel for stoves and boilers. Summarizing 

reupiey and test for burner recommenda- 
ons. 


Combustion of Wrought Iron in Gases—F. W. 
Harbord, Dec., 1916, p. 556. 


Wrought iron tubes suspended in blast 
furnace gases at moderately low tempera- 
tures were found to seale away and T- 
mit the formation of black deposits. y- 
potheses offered. 


Coefficient Curves for Stack and Oven Gas— 
Thomas G. Estep. Jr., Apr., 1917, p. 147. 


Presenting frrther diseussion of the ori- 
fice method of measuring gas volumes. 
Curves given for blast furnace and coke 
oven gas to simplify measurements. 


Gevreral. 
Artificial Gas for High Temperature Work— 
FE. Raven Rosen and Baum, Dec., 1915, p. 
The application of artificial gas to indus- 
trial uses of high temperatures. Presenr- 
tetion of illuminating gas side of much 
disputed question. . 


Mixing Biast Furnace and Coke-Oven 
Feb., 1917, p. 76. 


Flame Length as Factor of Gas Burning— 
Frederick Peiter. Apr., 1916, p. 172. 


Analyzing various combustion conditions 
with data and proposing some _ solutions 
of gas burning problems. Influence of 
flame length shown_ herein. 


Gas. 


Furnaces. 


Fuels Available for 
Jan., 1917, p. 26. 

Considering the various fuels which may 

be used in metallurgical operations. Lim- 


Metallurgical 


a tae Electric Furnace. Mar., 1915, p. 


Operation. 
Melting Alloys in an Electric Furnace Unit—. 
S. Wile, Dec., 1915, p. 1,050, 


Thermo-Electric Determination of 
Points of Iron. Jan., 1917, p. 34. 


Causes for High Electrode Consumption in 
Electric Furnace Practice, July, 1917, p. 333. 


Critical 


Operation of Heroult Electric Furnace—Wal- 
ter C. Kennedy, Oct., 1917, p. 467. 


Operating characteristics. Voltage rela- 
tions for various currents. Vector dia- 
grams for power factor and losses. Con- 
en of skin effect of the condue- 
on, 


Electric Furnace Operation. Apr., 1917, p. 176. 


Melting Characteristics of Electric Furnace. 
Feb., 1916, p. 96. 


Electric Furnace Central Station Supply—Ed- 
win L. Crosby, Nov., 1917, p. 521. 
Central station «anticipating electrie fur- 
nace business should prepare to discuss 
the electrical and metallurgical charac- 
teristics of various types of furnaces with 


the buyer. 
Turning Stock During Hammering. Feb., 
1917, p. 76. 
Forge Shop Production Methods—Charles C. 
Lynde, June, 1915, p. 633. 


Causes of “Ghost Lines” in Large Forgings— 
J. O. Arnold, Jan., 1916, p. 5. 


An investigation into causes and nature 
of the phenomena observed in many large 
steel forgings. Effect of phantom lines 
on structure and quality of piece. 


Metal Stampings: Lubricating Stock for Au- 
tomatic achine Convevors for Finished 
Work. Dec., 1915, p. 1,102. 


iting each ren to distribution and 
ove a amount. deal fuel yet to be 
ound. 


Offices for Gas Volume Testing: Effect of 
Oxygen in Strengthening Irons: Corrosion 
of Iron Machinery: Measuring Gases by a 
Standard Orifice—Thomas G. Estep, Jr., 
Jan., 1917, p. 15. 


Charted Analyses of Bituminous Coal—F. 
Denk, Aug., 1915, p. 799. 


Methods whereby approximate and ulti- 
mate analysis figures on various fuels 
may be secured within narrow margins 
without necessitating long and expensive 
eperations. Value to users. 


Bureau of Mines’ Work for Smokeless Com- 
bustion and Fuel Efficiency. Feb., 1915, 
p. 3 
Combustion tests at the Pittsburgh labo- 
ratories. Heat transmission’  investiga- 
— Gas producers work to be under- 
taken. 


Reduction of Fuel Variation at Burner. Feb., 
1915, p. 161. 
Combustion demands of various fuels. 
Attempts to reduce number of regulation 
points in system. Storage type of gas 
and air mixer. A machine for furnishing 
__ Proper mixture only as needed. 


Coal Handling for Efficient Distribution. Apr., 
1915, p. 425. 
Central distribution system for fuel at 
plant of Brier Hill Steel Company affords 
unusual facilities for easy storage and ac- 
cessibility of supply. 


Utilization of Blast Furnace Gas—H. F. Freyn, 
Mar., 1914, p. 10. 


Use of Gas for Various Heating Purposes. 
Feb., 1915, p. 163. 
Compares oil, gas and coal for various 
uses. 


Formulae for Finding Large Gas Volumes 
—H. G. Geissinger, Feb., 1917, p. 55. 


Discussing Prof. Estep’s “Measuring Gas- 
es. by a Standard Orifice” appearing in 
January, offering some simplified expres- 
Sion for finding constant used. 


Producer Gas. 


Maintaining Gas Producer Air-Steam Ratio— 
Frantz Denk. Dec., 1915, p. 1,039. 


Importance of maintaining exact ropor- 
tions between draft and steam admitted 
under producer grate. Blower types as 
fitted for such service. Losses from in- 
correct driving. 


Operating Characteristics of Gas Producers— 
ranz Denk, Apr., 1916, p. 177. 


Closing a series of papers on various 
phases of gas producer operation and 
economy. Summarizing the points to be 
watched to secure efficient running and 
good gas. 


i iy Characteristics of Gas Producers— 
ranz Denk, May,.1916, p. 240. 
Theoretical temperatures to be found with 
various oe of combustion of gas and 
air. Applicability of. sueh figures to 
practice with allowance for furnace losses. 


SApArate Air and Steam for Gas Producers— 
ranz Denk, Jan., 1916, p. 23. 


A consideration of the advantages to be 


Design. 


Standardization of air Furnace Operation— 
A. L. Pollard, Oct., 1915, p. 956. 


Design and construction of modern ma)- 
leable foundry accessory, labor and op- 
erations and difficulties in present types. 
paint whereby betterment may be se- 
secured. 


ce i. Development Through Treatment— 
we Be Phillips, Apr., 1917, p. 152. - 


Showing how the development of heat 
treating as_ perfected or automobile 
gears can add to the life’ and service of 
rolling mill gear trains and increase ef- 
ficiency. 


Recent Development in Heat Treatment of 
Railway Gearing—W. H. Phillips., Feb., 
1915, p. 251. 


Safety and the Unfit. Feb., 1915, p. 188. 


Shop Signals. Sept., 1916, p. 434. 


Safe Practice in Mill and Factory. Feb., 1915. 
p. 195. 


Safe re in Mill and Factory. Feb., 1915, 
p. ; 


Use of portable hoistings and conveying 
units for reducing number of men within 
danger zone. With bettered safety fac- 
tors in lifting mechanisms. Steel mill 
considerations. Questions discussed at 
meeting of Pittsburgh section, National 


bt ede T Influence of Aluminum on Ingots. 
Apr., 1914, p. 40. ' 


Dual Pouring of Ingots. July, 1916, p. 342. 


Dual Pouring of Ingots—George E..Thackray, 
Sept., 1916, p. 420. 


Production of Sound Steel for Ralls—Sir 
Robert A. Hadfield. Mar., 1915, p. 282. 


An important paper before Franklin In- 
stitute, discussing measurement of pipin 
and cavities in steel and determination o 
extent of unsoundness. Necessity of thor- 
ough inspection of all ingots. Impor- 
tance of preserving ferrostatic pressure. 


Ingot Pouring Device Reduces Piping-—A. M, 
Staehle, Sept., 1917, p. 399, 


Digitized by Google 


The Blast Furnace Steel Plant 


gained in gas-producer operation through 
the blowing of blast air and steam sepa- 
rately by mechanical means as against 
jet action. 


Setting a Fair Base for Producer Efficiency 
—Frank Denk, Feb., 1916, p. 86. 


Calculations covering another fuel loss in 
producer operation. Need for figuring 
operating power into efficiency balance 
to obtain true economy. 


Coal and Ash Transportation at Producers— 
H, V. Schiefer, May, 1917, p. 199. 


Eliminating the human factor in the hand- 
ling of coal and ashes to steel mill pro- 
ducer plant. Automatic weighing and 
measuring device as check on fuel used. 


Gas Producer Economy from Fuel Factors— 
Frantz Denk, Noy., 1915, p. 998. 


Analysis of operation of producers con- 
tinued from last month in further dis- 
cussion of gasification characteristics un- 
der conditions of fueling and use, 


_ Factors Governing Gas Producer Practice— 


Frantz Denk, Oct., 1915, p. 911. 
Analysis of operations and gasification 
characteristics of gas producers. 
Pulverized Coal. 


Pulverized Coal as Fuel. Mar., 1917, p. 128. 


HEATING FURNACES 


Surface Combustion 


Laborator Furnace 
Dec., 1916, p. 561. . : 


Steel Making and the Wills Combination Fur- 
nace. Dec., 1913, p. 24. 


Obtaining Extra High Temperatures. Jan, 
aT, 2. 


HEAT TREATING 


Evaluation of railway motor gears, from 
cast iron to heat-treated alloy steel. Cast 
and forged blanks compared. Treatment of 
rim and teeth and accompanying difficul- 
ties. Something about alloys. 


Relation of Heat Treatment to Stress Re- 
sistance. Mar., 1915, p. 291. 


Finishing Temperatures of Rails. July, 1915, 
p. €92. 


INDUSTRIAL SAFETY 


Safety Council on the evening of Febru- 
ary 5. 
Device for Detecting Gas. May, 1917, p. 225. 


Safe Practice in Use of Chains and Ropes. 
Aug., 1917, p. 376. 


i for Plant Ventilation. Aug., 1915, p. 


First Aid to Electric Shock Victims—William 
Cc. L. Elgin, June, 1915, p. 651. 
Things to be done at time of accident to 
prevent lapse of respiratory organs. Re- 
suscitation methods compared. 


INGOTS 


~ Quadruple method of pouring ingots de- 
veloped at the Brier Hill Steel Company’s 
plant at Youngstown, O., has given good 
results in reducing piping. 


Causes of Steel Ingot Defects—J. N. Kilby, 
July, 1917, p. 301. 


Defects classified as pipes, segregation, 
oecluded slag, fluxed fireclay, laps and 
cracks. Advantageous methods of pour- 
ing and advantages of various types of 
moulds. - 


Crystallization of Steel Ingots—J, F. Keller, 
Oct., 1917, p. 455. 


Factors influencing crystallization of in- 
gots. Diagrammatic representation of 


Pulverized Coal as 
James W. Fuller, Nov., 
Metallurgical furnaces : 
the type of fi hey 1 
field is gradually narrowit 
of coal for economical an¢ 


Discussion of Powdered Fuel— 
J. P. Kittredge and N, C 
1916, p. 505. ; 


Powdered Coal as a Blast 
1916, p. 315. an 
Boosting the furnace by bl 
ized coal into the tuyeres. 
possible with very little char 
ing stack equipment. Coke 
cured. . é A 
Pulverized Coal as Fuel. Aug., 


Dust Explosions. June, 1917, - 


¢ 


Oil. ae 


A New Method of Burning crud » 0 
Janssen, Dec., 1917, p. 569. 


Oil is classified in a special 
vaporizer outside the furnace 


into combustion chamt WI 
pressure. ‘ta 


ew 
Proper Heating Furnace Insnuls 
914, p. 38. . i) 


High Pressure for | Heati 
Nov, 1915, p. Pots. a! a 
Operations. > > 


Smokeles Operation of ° 
ar., 1917, p. 128. . 


aad 


a 
he 


Effect of Hardening Upon | 
uly, 19: 


” eee 
na 


sions of Steel. 


The Influence of Tempera 
Properties of Metals. — 


-. 


~~ ae 


Annealing Rolls Weighing F. 
Tons. *Sept., 1917, Pp. 414. “4 P 


Electric Furnace Heat Treatme 
T. F. Baily, Nov., 1916, p.: 
tric Furnace.) ; 


« 

= 

Safety Specifications for Cranes. 
D. 293. ae 


Dangers from Gas—R. J. You 
p. 12. as 


Wage, Employment, 
1915, p. 169. : | 

Comparison Basis for Il n 
p. 580. . hae 

Investigation of In: iri s Dus 
Works. Sept., 191 > Pe : 


Safeguarding Electric 
Dane 1917> p. 577. — 


formation of structure. 1 
heating, soaking and ro 
Piping Hot. April, 1 17, I | 
Control of Ingot Piping | 

Henry ingot, 1 


The Sound Steel Ingot. 


* 
? 
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‘ peer ayn 
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Developing Iron Bearing Materials 
Bethune G. Klugh, Rov. 1915, p. 


Mechanical improvements over original 
devices for producing sinter from flue 
dust, ore fines and other material unfit 
= blast furnace charging in its natural 
ate. 


Sinter— 
984. 


Developing Iron Bearing Materials Sinter— 
Bethune G. Klugh, Dec., 1915, p. 1,037. 


Conclusions of paper covering improve- 
ments and changes in sintering practice 
and machines. 


Iron Ore Mined in 1916. Sept., 1917, p. 415. 


ayer ayn on Earth Pressures—P. M. 
Crosthwaite, Apr., 1917, p. 165. 


Relating to ore storage. 


— “amar Rust-Proofing Process. Jan., 


16, p. 


Recommendations for the 
Iron and Steel. Sept., 


Preservation of 
1916, p. 43. 


Iron and 


ao phie Studies on Copper, 
teel. Feb., 1917, p. 74. 


Removal of Rust with eae Re-agents— 
J. Newton Friend and C. W. Marshall, June, 
1915, p. 638, 

Electrolytic and manual methods of clean- 
ing iron and steel compared with those 
involving only the use of liquids and dip- 
ping of materials. 


Effect of Carbon and Manganese on the Cor- 
rosion of Steel. July, 1916, p. 342. 


Relative Corrodibilities of Gray Cast Iron and 
Steel. June, 1915, p. 602. 


Testing the Durability of Pipe Under Corro- 
sion. Aug., 1016, p. 396. 


The Relation of Slag to the Rust Resistance 
of Wrought Iron. July, 1916, p. 340. 


coreatet of Steel in Water. Nov., 1915, p. 


Relative Corrosion Periods of Galvanizing 
Pans. Oct., 1915, p. 934. 


Rusting of Iron in Water. Jan., 1917, p. 38. 


Manganese Investigations. Dec., 1917, p. 573. 
Deoxidation of Steel. Oct., 1916, p. 490. 


Graphical Representation of the Sequence of 
the Various Processes in the Manufacture 
July, 1917, p. 324. 


Sherardizing as a Manufacturing 
. Trood, Oct., 1915, p. 958, 
‘Important petnte in application of new 
process to the coatings of iron and steel 
products. Plans for maintaining purity 
of zine dust for uniformity of coatings. 


The Carbo-Teredo Treating Process. Nov., 
1916, p. 530. 


of Iron and Steel. 


Problem— 


General. 


Government Armor Plate Project is Dropped. 
Mar., 1915, p. 308. 


Congressional commission reports. plan 
impracticable, bod won Y, the probable cost 
at about $10, Senate recedes from 
former erannae, Senator Penrose de- 
fends position of steel manufacturers. 


Smoke Responsibility Cannot Be Individual- 
ized—Dr. W. F. M. Goss, Feb., 1915, p. 224. 


3h new angle of the problem presented by 

-well-known mechanical engineering au- 
thority in a notable address before the 
Engineers Society of Western Pennsyl- 
yania, at its annual banquet last week. 
What legislation cannot hope to accom- 
plish. recipitation of smoke particles 
2 pane phase of question. Chicago 
est. 


German Activities in the Iron and Steel In- 
dustry. Sept., 1917, p. 415. 


Bethlehem Acquires New Plants. 
p. 27. 


Jan,, 1917, 


lhe Blast Furnace Steel Plant 


IRON ORES 


ey tae as Separation of Furnace Ore 
. Nesbit, Mar., 1915, p. 160. 


The Iron Ores of the ester tas Re eka 
Wallace G. Imhoff, Dec., 
Giving the- pladeatoniial =  eomtition of 
these ores and showing wherein they may 
be used for blast furnace burden without 
undue labor or expense. Washing means 
used at one mine. 


Dust— 


Advancement in Underground Ore Loading— 
M. E. Richards, June, 1916, p. 288. 
Features of machines used for loadin 
ores in mines. Types recently develop 
to eliminate the labor problem in a large 
measure. 


Rotary Kilns for Preparation of Iron Ores— 
‘ Doak, Jan., 1916, p. 15. 


METALLURGY 


Problems in Use of Liquid Ferromanganese. 
July, 1917, p. 329. 


8. he a, oe and Structure of Slowly Cooled 
, 1915, p. 1,018. 


Brittleness in Iron Through Sodium. 
1917, p. 34. 


Brittleness in Steel Through Electroplating. 
Feb., 1917, p. 76. 


Jan., 


Colors and Their Bearing on Hardness. Aug., 
1915, p. 766. 


Wrought Iron and Its Worth—-George Schu- 
maun, July, 1913, p. 18. 
Vanadium—Francis J. Peck, Sept., 1913, p. 32. 


Curae in Cast Iron—J. FE. Johnson, Jr., 
1914, p. 24. 


Boiling Point of Iron and Carbon. Sept., 
1915, p. 854. 
Crystallization of Steel Under Stress. Feb., 
1914, p. 16. 
Nov., 1913, 


peepee of Toughness in Metals. 
p. 9. 


Properties. 


Effect of Chromium in Hardening Steel. 
Aug., 1916, p. 392. 


Crystalline Growth in Strained Ferrite—Ken- 
neth B. Lewis, Sept., 1915, p. 823. 
Phenomena observed in low carbon steel 
which has heen stressed and then an- 
nealed. Practical establishment of theo- 
retical “Critical Temperature.” Value of 
metalographiec study. 


An Investigation of the Fffect Produced De 

Varying the Sulphur Content of Basic O 
Hearth Steel—Dr. J. S. Unger, Mar., 16, 
p. 109. 
Wherein are presented pers, covering 
the permissible range of sulphur content 
and where sulphur in reasonable quanti- 
ties is not injurious. 


NEWS ITEMS 


Sheet and Tin Plate Sliding Scale. 
p. 195. 
Independent manufacturers reach agree- 
ment with amalgamated association offi- 
clals for wage agreement for scale based 
on selling prices. Agreement is subject to 
referendum vote by union lodges. 


Noy., 1916, p. 530. 


Feb., 1915, 


The Hardening of Oils. 


Steel Reinforced Aluminum Cables. Feb., 1917, 


p. 76 


Under Advertising of the Steel Business— 
George H. Jones, Nov., 1915, p. 1,038 


Readers’ Views and Comments from Produc- 
tion Men. Oct., 1915, p. 922. 


Now Waiting on the Trade to Make Up its 
Mind. Nov., 1913, p. 5. 


The Forward Swing of the Pendulum in 
Steel. Feb., 1914, p. 5. 


Ikail Production Standards. Oct., 1914, p. 28. 


Steel Mine Tie Introduced by Cambria. 
19 . 809. 


The utilization of rotary kilns for desul- 
phurization and agglomeration of iron 


ore fires. Types of kilns best adapted to 
ee treatment of ores. Reduction of py- 
es. 


Vig isk Ore—Francis J. Peck. Mar., 1913, 
p. 13. 
a ee Fine Iron Ores. Mar., 1915, p. 


New or Type of Storage Bin. Nov., 1913, 


D. 


Removing Rings from, Nodulizing ene. Mar., 
1915, p. 291. 
Distribution of Manganiferous Ores. Feb., 


1915, p. 165. 


Determination of 
D. Brown, Mar., 19 


Chemistry of rapid Arg ‘accurate ee 
as adapted by United States Steel Co 
ration. Comparison of results potained Wi; 
various methods of determination in bay 
eral laboratories. 


Tole p. 208 in nner Steel—_W. 


Manganese Significance in Steel Metallurgy— 
F. H. Willeox, Mar., 1917, p. 97. 


Taking up the value of this element as a 
necessity in steel makin Showing some 
of the many uses for t lis alloying and 
purifying material. 


Hardening Theories of Various Steels—E. D. 
Campbell, Apr., 1915, p. 509. 


Conceptions of constitution of steel and 
changes occurring in variations of hard- 
ness. Possible influence of solubility of 
elements in alloy a factor. 


The ete of Elements in Steel. Nov., 


1916, p. 
Alumina Inclusions in Steel. Jan., 1917, p. 36. 
Sans, aoe Analysis of Plain Steels. Feb., 


Effect see Titanium on Magnetism. Mar., 1915, 
p. : 


Oxygen in Steel. Oct., 1916, p. 492. 


Use ascites in Steel Making. Apr., 1915, 
Dp. 4 . 


Becnene Sulphur Content. 


Nov., 1915, p. 


Calorizing Metals. Nov., 1915, p. 1,016. 


sit” aes Etching of Steel. Oct., 1915, p. 
Electrolytic Iron for Rigid Requirements. 


Sept., 1915, p. 854. 


Costing Iron with Aluminum. Jan., 1917, p. 


Use 


of Alundum in Combustion Method of 
Carbon Determination. 692. 


July, 1915, p. 


The Rapid Decadence in Bessemer Rail Man- 
ufacture. Mar., 1913, p. ». 


ba ag Results for Year in Western Cities. 
216. 


b., 1915, p. 
Fiseal Matters. Feb., 1915, p. 170. 
Judge Gar ate Te Critictam. 4g 
Mar., 1915, 


Studies of Human Effort. Jan., 1916, p. 46. 


Critisizing the Rittman Gasoline and Benzol 
Announcements. 


- Co-operation and ae Mobilization of Public 


Sentiment—John A. Topping, June, 1917, p. 


273. 
Mar., 


The Structural Steel Situation in Germany in 
the Fall of 1915. Jan., 1916, p. 46. 


Social Insurance in the United States—Miles 
Dawson, Mar., 1915, p. 311 


5 


sae Report on “Ajax” Failure. June, 


15, p. 


American Rolling Mill Saree eg A Deci 
sion in “Ingot Iron” Patent Rights “Litiga- 
gation. Mar., 1915, p. 394. 


Publicity and Its Relation to “agit oe 
Elbert H. Gary, Nov., 1915, p. 


The American Manufacturer and the “Made- 
in-America” Label. Feb., 1915, p. 188. 


The Edison Fire and the Engineering Trade. 
Mar., 1915, p. 340. 


Japanese Capital and the Hanyang Iron and 
teel Plant—Gardner L. Harding, Feb., 
1915, p. 147. 


Cleveland’s Retiring Smoke Inspector Pleads 
For Active Co-operation by City Govern- 
ment. Feb., 1915, p. 220. 


B. P. Roberts, for three years in charge 
of Cleveland department. announces his 
retirement in effect February 1. Lack of 
co-operation by municipal administration 
TH courts alleged. Review of work for 


Smoke Prevention in the Eastern Cities. Feb., 
15, p. 214. 


Pittsburgh’s Progress in Smoke Abatement— 
J. W. Henderson, Feb., 1915, p. 213. 


Year's work reviewed in annual report by 
chief of bureau of smoke regulation. New 
ordinances in force are liable. Railroads 


Description. 


The Manufacture of Steel aaa oui tal 
P. Lamont, June, 1917, p. 
Development in this country of the art of 
forming large castings. -Problems of de- 
sign and treatment briefly sketched in the 
light*° of modern practice in large shops. 


Characteristics of Regenerators—W. Trinks, 
Mar., 1914, p. 46. 


Shrinkage Crack Causes in Steel Castings— 
bad . Bossinger, Oct., 1915, p. 955. 
Suggestions for overcoming characteristic 
eastings defects. Aberal use of 
chills recommended. Improper overlap- 
ping to be avoided. Faulty gating fre- 
quent cause of irregularities. 


Open Hearth Furnace of care Capacity— 
R. H. Trans, Sept., 1917, p 
Compact checker and flue arrangement. 
Heuvy construction and deep bath of a 
new 150-ton stationary unit of Central 
Iron & Steel Co. 


Lackawanna Steel Company’s New Tilting 
Furnaces. Oct., 1913, p. 7. 


Design. 


Cooling Exhaust End of Open Hearth Fur- 
nace. June, 1916, p. 296. 


Checkerwork for open Hearth aeeneee Use— 
W. A. Jannsen, Nov., 1915, p. 1,004. 
Influence of brick shapes and dimensions 
upon proper working units. Recommen- 
dations for changes in furnace and acces- 
sories to give more reliable working limits. 


Waste Heat Boilers for Open Hearth Furnaces 
—C, J. Bacon, June, 1915, p. 587. 


A er ae Hydraulic Pipe Bender. Feb., 1915, 


Steel Production at New Minnesota Plant— 
Charles C. Lynde, June, 1916, p. 251. 
Equipping a plant for steel production in 
northern location. Savings through elim- 
ination of ore storage. Operating char- 


acteristics as developed during six. 


months’ operation. 


New Plant of Youngstown Iron & Steel Co.— 
Charles C. Lynde, Feb., 1916, p. 68. 
Electric drive and straight line layout 
characterize company’s new Lowellville 
plant. Provision for immediate operation 
and future extension to increase capacity. 


Unloader for Frozen Ore and Coal Cars. Feb., 


, DP O89. 


The Blast Furmace® Steel Plan 


are thanked for willingness to co-operate. 


Iron and Steel in the United Kingdom. Dec., 
1917, p. 573. 


Report of Coke Oven Accidents in 1916. Nov., 
1917, p. 523. 


Markets and Production. 


Price Advances in Wire, Pipe and Sheets. 
Feb., 1915, p. 209. 


Production of Pig Iron for First Half of 1917, 
Sept., 1917, p. 431. 


The Tonnage Prospect for Summer. June, 
1913, p. 6. 


Firmer Tone in Finished Steel Lines. Feb., 
1915, p. 177. 


Definite Increase in Tonnage for Week. Feb., 
1915, p. 247. 


A Low Year for Pig Iron Production Official 
Totals for 1914. Mar., 1915, p. 305. 


OfficiaY Production Figures for Pig Iron and 
Rails in United States, 1914. Apr., 1915, 
p. 442. 

American Shipments of Military Supplies. 

Mar., 1915, p. 393. 


Prosperity in Steel Preached by Farrel. Feb., 
1915, p. 210. 


OPEN HEARTH 


Economies to be obtained by the use of 
properly designed equipment to utilize 
excess heat in stack gases. Furnace im- 
provement. 


New Design of Open Hearth Steel Furnaces 
Using Producer Gas. Mar., 1913, p. 36. 


Design of Modern Open Hearth Steel Fur- 
naces. Oct., 19138, p. 36. 


Fuels. 


Clean Gas for Open Hearth Furnaces—Arthur 
I.. Stevens, Apr., 1914, p. 28 


Blast Furnace Gas for Open Hearth Furnaces. 
Jan., 1914, p. 24. 


Use of Coke Oven Gas in Open Hearth Fur- 
naces. Oct., 1915, p. 932. 


wien, Opinions on Gearing Practiee: Burn- 
ng Tar as oo ee Hearth Fuel—A. Greiner, 
7 y, 1916, . 668-669. 
titiieation sr by- Sige elgg tar from coke 
ovens. Increase of pig in furnace charge 
found necessary after change of fuel sup- 
ply. Comparison between fuels. 


Operation. 


An Investigation of the Effect Produced by 
Varying the Sulphur Content of Basic Open 
Hearth Steel—Dr. J. S. Unger, Mar., 16, 


Wherein are presented aris covering 
the permissible range of sulphur content 
and where sulphur in reasonable quanti- 
ties is not injurious. 


Ferrosilicon in Open Hearth Practice—Archie 
Smith, Apr., 1915, p. 428. 


Critical consideration of methods for in- - 


troducing ferrosilicon into steel with rea- 
sons for selection of furnaces and desira- 
bility of having alloy in compact shape. 


PLANT DESCRIPTIONS 


Power appliance developed to give easy 
unloading of frozen freight without dam- 
age to car and with no loss of time. Hop- 
per bottom cars unloaded in few minutes. 


The Iron and Steel Industry of Australla— 
R. A. Field, July, 1917, p. 299. 
Location of the iron ore deposits. Some 
early industries. Steel works of the 
Brocken Hill Be de ag Company, Ltd., 
at New Castle, N. S. W. 


Studebaker Corporation Gray Iron Foundry— 
M. R. Kavanaugh, Mar., 1915, p. 366. 


Arrangement of department for advan- 
tageous handling of cores and castings at 
South Bend plant. The daily routine at 
cupola. Precautions in testing. Special 
processes. 


Conearas oO izations in Foreign ‘Trade— 
. Pratt, Mar., 1915, p. 369. —_— 


Export Demand Upholds Market. Mar., 1915, 
p > >. 


Steel Plate Awards for New United States 
Battleships. Mar., 1915, p. 392. 
Social Meetings. 

Annual Banquet Engineers’ Society of West- 
ern Pennsylvania. ie 1915, p. fa 


Mechanical Section, Engineers’ 1918 0% of 
Western Pensylvania, Feb., 1915, 


Sixth Annual Safety Congress. Oct., 1917, 
p. 477. 


Fall potieg oe Iron and Steel Institute. Noy. 


Ins ction Tour by Pittsburgh a 
Mellon Institute of Industrial 
Mar 1915, p. 363. ; 


Isritish Tron and Steel Institute Meeting. Oct. 
1917, p. 469. 


Iron and Steel Electrical v 
ronan to Increase paginas eee 
7, p. 438. 


Vigorous Sessions at Fall Institute 
Nov., 1915, p. 981. ae 


“War Meeting” of Iron and Steel Institute. 
June, 1917, p. 245. 


Tron ne Steel Institute Meeting. Noy., 1917, 


p. 


Information Regarding the Schumann _ 
matic Reversing Device for Open 


Repairing of vee Hearth Furnace Heads 
une, 1916, p. 


An Ree repair Sates 
steel makers for lengthen 


open hearth furnace Fithoue eating 
production time. 


Temperature Measuremen 


Open Hearth Praction? on Beoremer gn 


- Bessemer and Open Hearth Tem 


ing—G. K. Burgess, Mar., ro a 


Use of Fluorspar in Basic O Hearth Prac- 
tice. Mar., M915, p. 291. a 


Comparison of Open Hearth Processes—Dr. 
Frederick Schuster (Wikowitz). — July, 
p. 20. : 

Comparison of O Hearth 
Frederick Schuster (Wikowlta wally, 
1914, p. 5. 


Hot | Metal Open Hearth Savings, May, 1916 


care of Leaking Ladle Nozzles. “Dee, 1915 
p. 1, 


— AGOIT ba Hearth Process—F. ‘Rogers, 
ce; 1 p. 545. 4 =~, 
Bringing bath to pro condition 
= of the m ting process = = 
eoxidizers discussed. ; 
sentation of reactions. ' 


Open Hearth Hazards—Lesli Rice. -Nov., 
1917, p. 531. -* 


Gun for no meing, Slag from Open sea 


Nov., 1 


Open Hearth Shield. Nov., 1917, =e 


er New Plant for 
rials orking and Fe 

Lynde, Feb., 1915, p. 158. 

Construction features and equ 
for itin ¥ 


Conveyer Provision 
ie Mar., 1914, p. oh raed 


New Mill of You : 
Sept., 1913, p. 


Pneumatic Conveyor for Slack. 
p. 174, 


Gears and Pinions for Steel Mill Service—E. 
S. Sawtelle, Nov., 1917, p. 497. 


Tool steel process described. Dissimilar 


Apr., 101T, 


CC _$_ Oe 


The Blast Furnace@ Steel Plant 


from casehardening in that entirely differ- 
ent ingredients are used in the carboniz- 
ing process, giving deeper and more uni- 
form penetration. 


Operation of Grab Bucket Coal Hoists—James 


werresee and R. H. McClain, Nov., 1917, 
p. . 
Alternating current motors with dynamic 
braking and regenerative braking. Ac 
and de installations compared with regard 
to most important features. 


STEEL MILL POWER PLANTS 


Blowing Engines. 
a ap of Compressor Types. May, 1916, 
D. *. 


Testing Blowing Engines for Leakage. June, 

1913, p. 54. oF 

apa of Blowing-Engine 
Cards—W. Trinks, Mar., 1914, p. 


Design and Construction. 


Power House Design for Economy—<Alexander 
Dow, July, 1917, p. 323. 


Novel Ejector Ty of Power Plant Stack— 

A. M. Belis, pt., 1915, p. 874. 
Adaptation of inspirator principle to stack 
which from its shape is denoted the 
“Vase” stack. Successful operation in 
France shows merits of scheme. 


Indicator 
18, 


Problems in Power House Construction—H. 
H. Esselstyn, May, 1915, p. 551. 
Meeting and overcoming site difficulties 
in building heavy structure. Use of ice as 
datum plane for making test borings. Ex- 


tending transportation facilities. 

Boller Shop: Slotting Flanges for Close 
Bends; sing Blueprints in Foundation 
Placing. Dec., 1915, p. 1,103 

Blast Furnace and Steel Mill Power Plants. 
June, 1917, p. 285. 

Prime Movers. 
Turbo Generator Installation 


Discussions— 
D. S. Jacobus, July, 1917, p. 326. 


Installation of Large Turbo Generator—R. H. 
Rice, July, 1917, p. 315. 


Specifications for four-furnace blast fur- 
nace plant. Comparison of gas engine 
and steam turbine plant. Segregated gas- 
electric and steam turbine electric sta- 
tions. 


Gas Engines at Blast Furnaces and Steel 
Plant. July, 1913, p. 14. 


Distribution of Heat in Gas Engine Cylinder. 
Nov., 1915, p. 1,018. 


Corrosion of Gas Engine Piston Rods. 
1915, p. 600. 


Recovery of Gas Engine Losses. Apr., 1915, 
p. 524, 


June, 


Recording Load Meter for Steam, Gas and 
Oil Engines—I’. F. Denk, Feb., 1914, p. 38. 


Economics of Prime Movers for Blast Fur- 
nace and Steel Plants. Aug., 1913, p. 22 


Engines or Turbine. Apr., 1915, p. 442. 


as Flow Steam Engine. Feb., 1915, p 


Steam Production. 


Waste Heat Boilers for Open Hearth Furnaces 
—C. J. Bacon, June, 1915, p. 587. (See Open 
Hearth.) 


Factors Governing the Cost of Power—George 
P. Roux, Sept., 1915, p. 879. 


Relation of power plant to department of 
main business wherein it is considered a 
wheel within the wheel. Critical consid- 
eration of each ttem in power production. 


Blast Furnace Gas in Steam Production—S. 
M. Marshall, Apr., 1915, p. 506. 


Possibilities in bettered boiler efficiencies 
with more accurate ourner manipulation 
and discression of variation caused by 
furnace operation with new burner de- 
scription. 


Power Data in Steel Plant Economics—-Franz 
Denk, M.E., Mar., 1915, p. 286. 
Necessity of controlling gas production 
as well as steam and power generation in 
order to make a cost distribution fair to 
all departments. Ways and means for és- 
tablishing control. 


Testing Factors for Power Plant Units— 
Charles C. Lynde, Feb., 1915, p. 232. 


Considerations of basis for efficiency cal- 
culations. Use of one boiler in battery as 

ctical fuel calorimeter. Checking con- 
ensers and coaling towers. 


A New Method of Firing Chain Grate Stokers. 
Feb., 1915, p. ° 
Description of features of American Sheet 
& Tin Plate Co.’s slow chain method of 
firing at Vandergrift, Pa. Interesting 
tests of efficiencies secured. ‘ 
Suiting the Stoker Design to the Plant—T. 
A. Peebles, Feb., 1915, p. 222. 
Consideration that must be weighed care- 
fully in order to secure maximum effi- 
ciencfes. Local conditions should affect 
choice of type. Inefficient yet smokeless 
o tion sometimes obtained. Solutions 
of problems In plant remodeling. 


rheated Steam to 
Sept., 1916, p. 434. 


ss cites Condenser Water. Aug., 1916, p. 


Heat Transfer from Su 
Pipe Walls. 


Checks on Control of Boiler Operation— 
Franz Denk, M.FE., Feb., 1915, p. 158. 
Tubes. Mar., 


The Corrosion of Condenser 
1915, p. 2938. 


ie tae Station Steel Mill Service. July, 1915, 
Dp. . 


or Soot from Stacks. Sept., 1916, p 


Regarding Water Hummer. Apr., 1916, p. 184 


Quirks and Kinks in Modern Boiler Shops— 
Charles C. Lynde, Sept., 1915, p. 867. 


Rapid Five Gas Analysis—W. Trinks, Aug., 
1914, p. 36, 


PRODUCTION EFFICIENCIES 


Time Studies for Efficiency in Steel Mills— 
W. Trinks, Sept., 1916, p. 42. 


Value of extension of recognized practice 
to the blast furnace and steel mill. Tying 
tonuge rates and wage standards possible 
through time analysis. 


Conditions Affecting Manufacture of Rails— 
Dr. J. S. Unger, June, 1916, p. 265. 


Plea for lessened diversity of rail specifi- 
eations and uniform railroad usage. Pos- 
sibilities in size and dimensions of rails 
forecasted. Methods of investigating rails. 


Purchasing Stock by Specification and Test— 
M. B. Smith, Dec., 1915, p. 1,086. 
ry ho down some fundamentals of great 
value in the securing of certain materials. 
Plan as given i a e of adaption to needs 
of many manufacturing lines. 


Testing of Seules for Material Weights—Eu- 
gene Motchman, May, 1915, p. ¢ 


Methods at the command of the field man 
for checking up uipment to verify shij- 
ments. Track and wagon-weighing de- 
vices often subjected to unfair loadings. 


Common Ground for Office and Field Man— 
ufacture. Edward Godfrey, Mar., 1915, p. 


Pointing out a few of the ways wherein 

the two branches of the a ee may 
o-operate to pe A llustrations of 
equent causes of building failures. 


Value of Concise Records to the Engineer— 
Ray S. Huey, Oct., 1916, p. 47. 
Showing wherein the preservation of ac- 
curate and systematic re@ords may be of 
valué to the man in charge of work. Ways 
to gather this valuable data outlined. 


Distributing Costs for Wire Manufacture—W. 
Trinks, Oct., 1916, p. 467. 


Analyzing and distributing the entire list 


of factors entering into the total cost of 
a completed article made from steel. Pre- 
ponderance of external factors shown. 


Equipping Plant for Heavy Steel Work— 
arles C. Lynde, Feb., 1917, p. 64. 
Equipment layout for handling heavy 
stock through plant without hand labor. 
Combining overhead, wall, gantry and jib 
cranes for economical lifting. 


Preparing Iron and Steel for Painting., Aug., 
1916, p. 392. 


Double-Bladed Hack Saw. May, 1916, p. 244. 


Structural Shop: Improvising Transportation; 
Gas for Rivet-Heating on the Job. Nov., 
1915, p. 1,061. 


The ane Preacher—R. J. Young, June, 1914, 
p. ; 


Distribution of Raw Material—J. N. Reese, 
June, 1914, p. 18. 


Structural Shop: Color Identification for Dif- 
ferent Jobs. Aug., 1915, p. 820. 


Distribution of Equipment Wear and Tear— 
Nicholas T. Ficker, Dec., 1915, p. 1,088. 


Spreading overhead expenses and wasting 
of equipment over several heads insures 
a more equitable charge upon each item. 
Machine unit and current variation ratios. 


Riveting Kinks for Steel Car Construction— 
H. A. Hatfield, Dec., 1915, p. 1,084. 
A practical man’s sizing up of factors on 
the job most important for the produc- 
tion of acceptable work. Recommenda- 
tions for positions of men and machinery. 


Efficient Construction of Industrial 
Charles C, 


Cars— 
Lynde, Nov., 1915, p. 1,031. 


rman and executing production of 

varied lines with minimum of time and 

labor loss for changing of jobs. 

boys for preparing work enroute to as- 
ling aisles. 


Casting and Machining Under 
Charles .C. Lynde, Oct., 1915, 


Combining foundry and machine depart- 
ments to eliminate lost motion between 
production of casting and completion of 
same. Lavor-saving kinks found advan- 
tageous in handling materials. 


Items and Amounts Constituting Overhesad— 
E. H. Fish, Sept., 1915, p. 882. 


Typleal shop as example of fair and 
equal distribution of factory expense 
Variables which may affect each ion 
of whole. Effectiveness of cost system as 
detector of faults. 


Standardizing Accuracy tn Machine Work— 
Aug., 1915, f: 801. 
Methods, jigs and machines used in auto- 
mobile building to insure absolute dupli- 
eation of parts with minimum Isbor costs. 
Simplicity of equipment also obtained. 


Roof— 


One 
p. 


Plant Means for Pushing Quantity Output— 
Charles C. Lynde, Aug., 1915, p. 791. 


Time and labor-saving schemes developed 
in bolt, nut, screw, rivet and washer plants 
for boosting production and holding down 
he i Machinery vs. men in new instal- 
ations. 


Kelation Between Production and Cost.—H. 
L. Gantt, Aug. 1915, p. 755. 


Theory for distributing factory éxpense 
to enre for riods al idleness 
without overburdening departmenfs in 
operation. General cost factors. 


Special Machines for Intricate Work. June, 
1915, p. 640. 


Adaptation of standard machine tools to 


meet peculiar conditions’ of automobile 
erankease production. Easing work and 
ing up production. ; 


Concentrating Aine for Efficiency. Feb., 1915, 

D. - 
Combination of plant equipment at Mans- 
field Sheet & Tin Plate Co.'s new mill. 
Saving in materials handling cost obtained. 
Lessened travel of stock during process 
of making. 


To the Man Who Gets Ont the Tonnage. 
Mar., 1913, p. 5. 


Structural Shop: Gravity Operated Shop 
Trucks; Using Cranes as Scaffolds. Sept., 
1915, p. 896. 


Bolt, Nut, Screw, Rivet and Washer Shop: 


Meeting the Demands of Fire Brick Users— 
Cc. 8. Kinnison, May, 1916, p. 232. 


Showing the modern methods of making 
fireclay refractories to stand the demands 
of service in the steel industry. Careful 
-work and handling required to maintain 
- quality. 


Physical Analysis of Refractory Material— 
Cosmo Johns, Dec., 1917, p. 563. 
Available materials not’ found wholly pure. 
High tenacity much desired property. Re- 
sistance to corrosion also important fea- 
ture in selecting refractory materials. 
Other discussions. 


The Texture of Fire Brick. Jan., 1917, p. 38. 


Making Silica Brick for High Heat Servi 
Charles C. Lynde, Sept., 1915, p. 831. 
Steps in the manufacture of refractories 
which must meet excessive temperature 
conditions. Plant designed to give most 
favorable course to production of high 

. grade output. 


se catate for Fire Brick. Dec., 1916, p. 
amas Combustion Boats. Mar., 1915, p. 


Practical Methods for Testing Fire Brick—-<. 


ROLLING MILL 


Drives. 


Preservation of Belt and Rope Drives. 
1915, p. 518. 


Cotton Rope Power Transmission—J. Melville 
Allison, Aug., 1917, p. 354. 
Comparison of cotton and manila rope. 
Consideration of centrifugal force, sheave 
dinmeter. Effect of over-roping. Example 
of steel mill installation. English and 
American practice. 


Data on Rope Drive for Rolling Mills. 
1917, p. 377. 


Rope Drive Advantages. Sept., 1916, p. 425, 
Value of Belt Tightener. Sept., 1916, p. 428. 


Lubrication Requirements for Wire Rope— 
George R. Rowland, June, 1916, p. 286. 
Showing. how lack of appreciation of the 
inner workings of a wire rope and disre- 
gard of Inbrication therefore may lead to 
grave friction losses and increased wear. 


Involute and Cycloidal Geurirtzs in Rolling 
Mill Drives. July, 1915, p. O65. , 
Application of two types of gear tooth to 
heavy work demanded of mill pinions. 
Wenring conditions of teeth and evidence 
of best ehape-as shown by wear of both 
kinds of tooth. 


wees of Wire Rope Lubrication. 


Apr., 


Aug.. 


May, 1917, p. 


' Methods of Rolling.” 


Shovel Pintes from Old Wocomotive Tires—W. 
S. Standiford, June, 1917, p. 274. , 


Adjusting rolling mill equipment to hantlle 
sernpped tires. Preparing rolls for heavy- 
duty requirements in the mill. Problems 
of roll maintenance. 
is FO 
Electric Drive for Reversing Rolling Mills— 
Wilfred Svkes and David Hall, Aug., 10916, 
p. 375. 


Answering some of the questions raised 


nL 


Digitized by Coc gle 


CONSTRUCTION 


M@chanieal Furnace Feed; i ak 


Bins; Blank Nut Storage. O 


Kolt, -Nut, Screw, Rivet and Washer Shop: 
Heat Treating Bolts; Reducing Belt Trou- 
bles. Nov., 1915, p. 1,060. 


Bolt, Nut, Screw, Rivet and Washer Shop: 


Portable Material gc ct ggg ho Hy 
Finding Markets for Waste Material. Sept., 
1915, p. 895. 


Structural Shop: Giving the Time Clock a 
Chance; Tracking Across Wooden Floors; 
Keeping the Erection Floor Clean, Oct., 
1915, p. 978. 


The Efficienc 


Orgunization of mip, ir Shifts— 
Harold C. 046. 


fhite, Nov., 1915, p. 


REFRACTORIES 


E. Nesbit and M. L. Bell, Aug., 1916, p. 369. 


Concluding the presentation of refractory 
testing. utlining conditions, apparatus 
aud findings for various methods of de- 
termining brick qualities. 


Practical Methods for fa. J Fire Bricq—c. 
EK. Nesbit and .M. L. Bell, July, 1916, p. 331. 


In testing refractories it is necessary that 
the operations be designed to similate 
the conditions of use as closely as possi- 
ble. Each requirement imposes its own 
test. 


Hent Resisting Clays and Their Behavior—J. 
L. Dickson, Mar., 1916, p. 119. 


Infinence of chemical composition on the 
behavior of fireclays and refractory brick 
under high heats. Limiting percentage of 
various materials in clay. 


Factors Governing Selection of Fire Brick. 
Mar., 1916, P. 127. 
Showing that there is no universal type 
of fire brick suitable for all the needs of 
modern blast furnace and steel plant. 
Recommendations for various uses. 


Refractory Linings and Materials (No. 1)—T. 
W. Haulman, Apr., 1917, p. 159. 


In which the author will take up seriation, 


concerning the application of electric 
drives. Describing the construction found 
desirable for heavy drive. 


Comparisons of Puppe and Gray Rolling. 


Mar., 1916, p. 125. 


Characteristic beams rolled by both these 
mills analyzed and compared on produc- 
tion and utilization bases. Preponderance 
of evidence in favor of German mill. 


anes Rolling Mil) Practice. July, 1913, 

Pp. * 

Reinforcing Bars Rolled, from Old Rails—W. 
S. Standiford, Dec., 1917, p. 560. 


Desexioi ne the process of slitting and re- 
rolling old rails into bars to be used for 
reinforcement. Consideration being given 
to practical methods of rolling and roll 
turning. 


Power Requirements. — 


Performance of Uniflow Engine in Steel Mill. 
Oct., 1917, p. 473. 


Roller Bearings for Steel Mill Cars—P. B. 
Lieberman, June, 1917, p. 264. 


Interesting tests at large steel plants on 
yard rolling stock. Findings on train re- 
sistance secured with the aid of a dyna- 
mometer testing device. ' 


Rolling Mill Power Requirements—F. Denk, 
Oct., 1917, p. 448. 
Investigation of data obtained from tests 
on three bigh and reversing mills. Influ- 
ence of various factors on power require- 
ments. Curves showing test results. 


Characteristics of Roller Bearings—P. B. Lie- 
berman, Oct., 1917, p. 451, 
Comparison of solid and flexible roller 
bearings. Tests showing deformation be- 
fore and after Jond is applied. Chart 
showing relation of Brinnell number, sclero- 
scope and tensile strength. 


Central Station Power for Steel Mills—Joseph 
McKinley and Roy L. Baker, Oct., 1917, p. 


, 


Speeding Up Metal Stampings Production— 
Charles C. Lynde, Dec., 1915, p. 1,075. 


Structural Shop: comeing. Scra 
ec., 


at Shears; 
Storing Special Plates. 


15, p. 1,104. 


gem: a Floor and Wall Space. Apr., 
1915, p. ’ 


Disposal of Waste Metals. Jan., 1917, p. 38. 


re Output from Men and Machines. 
Apr., 1915, p. 420. 


Economical Reduction of Mill Scale. 
1915, p. 690. : 


Items and Amounts Constituting Overhead— 
E. H. Fish, Aug., 1915, p. 807. 


July, 


the refractories used in steel plants, show- 
ing the methods for obtaining best results 
at each point where used. 


Refractory eae and Materials (No. 2)—J. 
W. Haulman, May, 1917, p. 197. 


Showing where fireclay and silica are us- 

able for certain linings. Technique and 

lan of lining Bessemer converters, cupo- 

2 and ladles for transporting their out- 
pu 


Experimental Tests on Silica Brick—C. E. 
Nesbit and M. L. Bell, Sept., 1917, p. 409. 

Study of the effect of de of fineness 

of material and pressure. efects increns- 

ing. Failure in actual service. Reducing 

failures to a minimum. 


New Lava Crucible Stands 70 Heats. 


Aug., 
1917, p. 375. 4 


Heat gerne of Refractories. Apr., 1915, 
p. : 


Investigations undertaken by German 
chemists to test safe temnperarate ranges 
with specific materials, using electric fur- 
nace beat for experiments. 


Melting Points of Fire Brick and Clays. Jan.., 
1917, p. 36. 


AND ROLL PASS DESIGN 


System of power distribution commonly 
used, Central station power supply more 
reliable than average steel mill nt. In- 
ter-connecting of generating station. 


Plate Mills for Rolling Sheared Plates—L. C. 
Biggert, Jr., Oct., 1917, p. 443. 


Rolling Mill Power Requirements—F. Denk, 
Aug., 1917, p. 362. 
Difficulties encountered in deviation of 
formulae. Interesting experiments show- 
ing flow of metal during rolling. Consid- 
ezation of total mill load in continuous 
mil). 


Rolling Formulae Resistance Calculations—W. 
Trinks, Oct., 1915, p. 899. 


Limiting and fixing values and extent of 
coefficients used in present-day formulae 
for computing roll-train resistance. Char- 
acteristic examples and variations. 


Features of Rolling Mill Reversing Engines 
—W. Trinks, June, 1916, p. 278. 


Continuing the discussion of engine econ- 
omy as secured by various changes in de- 
sign. Influence of one-lever control striv- 
ing toward perfection shown. 


Snegestions for Correct Roll-Train Factors— 
. Trinks, Nov., 1915, p. 983. 


A revised formulne for calculating roll- 
train resistance which takes into consid- 
eration factors lumped in earlier types of 
expressions. * 


Vower Requirements : for Wire Drawing— 
Kenneth B. Lewis, Déc., 1915, p. 1,031. 


A critical consideration of the factors to 
be met in the manufacture of wire and in 
drawing rods. Formulae and data curves 
for caleulation. 


Uniflow Steam Engine for Rod Mill Drive— 
Charles CC. Lynde, Apr., 1917, p. 143. 
Nordberg unifiow used as drive for roug)- 
ing stands on continuous rod mill at 
Youngstown Sheet & Tube Co.'s Struthers 
plant. Electric drive on finishers. 


Original from 


UNIVERSITY OF IOWA 


Features of Rolling Mill Reversing Engines— 
W. Trinks, Apr., .1916, p. 179. 
Inertia of reciprocating parts considered 
with its effect upon the rolling program. 
Need for care in speeding mills for long 
blooming passes shown. 


Teatures of Rolling Mill Reversing Engines--— 
W. Trinks, May. 1916, p. 210. 
The problem of steam economy as secured 
by ifferent weights and rotation ratios 
of rolling mill engines. Use of various 
re factors to account for condi- 
ons. 


Uniflow Engines on Rolling Mill Drives—W. 
Trinks, Dec., 1916, p. 558. 
The uniflow engine compared with the 
electric drive for rolling mill work and 
for general power plant use in competi- 
tion with the steam turbine. Fields for 
each defined. 


Motive Power for Rolling Mill Engines. Aug., 
1916, p. 361. 
Discussing the aad ee of electric 
drive for rolling mills. Design problems 
now before steam engine manufacturers 
will answer drive choice question. 


Central Station Power for Steel Mills—J ppepn 
McKinlety and Roy L. Baker, Oct., 1917, 
p. 441. 

System of power distribution commonly 
used. Central station power supply more 
reliable than average steel mill plant. In- 
ter-connecting of generating stations. 


Factors in Roll Train Resistance—W. Trinks, 
Aug., 1915, p. 750. 
Importance of thorough consideration of 
this condition in design and powering of 
roll stands. Inaptitude of present ex peri- 
mentally derived coefficients for all oper- 
ation problems. 


Bellas Mill Power Requirements. Jan., 1914, 
Pp. 1 


Features of Rolling Mill Reversing Engines— 
W. Trinks, Jan., 1916, p. 10. 

The first part of a series to discuss the 
various types and modifications of the 
rolling mill prime mover with regard to 
operation characteristics as felt in the 
productions of steel and furtherance of 
economy. 


Features of Rolling Mill Reversing Engines— 
W. Trinks, Feb., 1916, p. 66. 
Slow biting and fast rolling as desirable 
features in the operation of a rolling mill 
power unit. Reasons why some types of 
steam engines fail to meet these points. 


Features of Rolling Mill Revérsing Engines— 
W. Trinks, Mar., 1916, p. 117. 
<The important question of securing even- 
ness of turning moment in the steam- 
driven engine is here discussed with means 
for easily securing same. 


Steam Economy of Mill Engines—H. Ortman, 
Aug., 1914, p. 32. 


Electrically and Steam-Driven 


Tests on 
Nov., 1913, p. 48. 


Blooming Mills. 


Steam Economy of Bolling Mill Reversing En- 
gines. Oct., 1913, p. 18. 


Power Required for Rolling Steel. Aug., 1913, 


. 10. 
Blectrical Driving of Rolling Mills. Aug., 1914, 
p. : 


Electric Drives for Reversing Mills—D. M. 
Retty, Oct., 1917, D.- 464. 


Purchased Power for Steel Mill Operation—C. 
§. Lankton, Oct., 1915, p. 923. 
Possibilities of outside power courses as 
compared with com lete generating and 
distributing units for powering rolling 
mill equipment. 


Rolling Mill Power Requirements—F. Denk, 
Nov., 1917, p. 511. 
Derivation of formulae giving the work 
necessary to roll steel. ata showing re- 
lation of pure work of rolling required 
and total work furnished. 


Roll Mill Descriptions. 
The Puppe Mill. Dec., 1915, p. 1,062. 


Characteristics of Rolling Mill Couplings. Oct., 
1915, p. 909. 
Third portion of series taking uD various 
kinds of couplings for steel mill heavy- 
duty. Features of types involving distor- 
tion of members of flexibility. 
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Poppe pare Mill Sections. Apr., 1915, 
p. - 


American Flexible 
Nov., 1915, p. 
Closing series of articles featuring vari- 
ous types of couplings used in transmit- 
ting large amounts of power under inter- 
mittent operation conditions. 


Rolling Mill Coupling. 


Characteristics of Rolling Mill 
Sept., 1915, p. 840. 
Second eenee of series treating on vari- 
ous kin of couplings for heavy duty. 
Description of un ew features of types 
based on original Hooke’s joint or cross 
coupling. 


Couplings. 


A New Continuous-Running Two-High Mill. 
June, 1913, p. 20. 


A Three-High Two-Pass Rou hing Mill, Aug. 
1915, p. 766. rae: a 


A Tube-Forming Patent. Feb., 1915, p- 163. 
Mill Controllers. Apr., 1915, p. 520. 


Tandem Operation of Cold-Roll Mills—-E. 8. 
lLummers, Jr., Sept., 1916, p. 424. 
Specialized control for tandem operation 
of cold-roll mills. Centralized location of 
units necessary for supervision of steel 
loops and speed regulation. 


Development of Merchant anes. & Mills—Je- 
rome R. George, June, 1915, p. 593. 
Limitations of application of term ‘Mer- 
chant Mill” with historical consideration 
of improvement of equipment. Ways and 
ee for obtaining economical opera- 
tion. 


nica Mill Lubrication Problems. Aug., 1915, 
p. ; 


Conserving Roll Neck Grease. Feb., 1916, p. 96. 


Repairing Crippled Rolls by Are Welding. 
Dec., 1916, p. 578. 


Operating Data on Electric Blooming Mill— 

kK. S. Jeffries, Oct., 1916, p. 458. 

First-hand operating figures on electric 
equipment for rolling mills with operat- 
ing data to show operating instead of 
test results under varying loads. 


The Puppe Universal Mill in Operation. Apr., 
1915, p. 415. 
Operation of new. type two-high struc- 
tural installation, passes experimental 
stage, according to reports received in 
this country. Characteristics introduce 
new practice in flange design. 


Roll-Neck Lubricants: Their Reclamation— 
William M. Davis, Deec., 1916, p. 564. 
Heayy greases considered in regard to their 
application with emphasis on the hot-neck 
types of lubricant. Schemes for saving 
this lubricant and re-using it. 


Gauging the Capacities of Blooming Mills— 
W. Trinks, May, 1917, P. 195. 

Determining the capacity of the blooming 

mill in respect to other steel mill equip- 


ment. Curves showing capacity as related 
to elongation ratios. Influence of ingot 
weight. 


Electric Reversing Blooming Mills—Ralph D. 
Nye, Dec., 1917, PD. 566. 
Operation of two electrical reversing mills 
compared. Data concerning tonnage and 
= cure per ton. Complete description 
of units. 


Bending and Spreading Forces in Rolls—W. 
Trinks, June, 1915, p. 581. 

Formulae giving forces to be met in rojl 

design wit consideration of their effect 

on rolls, stands and production of shapes. 

Trustworthiness of data derived from ex- 


periments. 
Internal Friction in Rolling Work—W. Trinks, 
Apr., 1915, p.. 504. 


Consideration of theoretical factors enter- 
ing calculations of loss on spreading 
forees of rolling mill operation. Graphic 
results of former tests on various shapes. 


Plate Mills for Rolling Sheared Plates—F. C. 
Biggert, Jr., Oct., 1917, p. 443. 
Method of rolling. Types of mills. Pro- 
duction data. Heating furnace sugges- 
Hons. Power requirements. Typical ar- 
rangements and layouts for general pur- 
pose mills, 


Bar Equivalents 
fons. Apr., 1916, p. 


Table showing square bar equivalents. 


Rolls for Edging Flat Bar Iron or Steel—W. 
S. Standiford, Sept., 1917, p. 397. 
Edgin 
in waiting for ro 
rolls. Description of advantageous Op- 
eration in rolling smooth product. 


The Elements of Roll Pass Design—W. Trinks, 
June, 1917 Pa 269. frre 
How modifications of conditions affect sup- 
posedly positive rules. xing. the - limi- 
tations on possible reduction..per pass. 
Action of materials under compression. 


Square for Straightening 


rolls solving the problem of delay 
orders. Design of 


The Elements of Roll Pass Design—W. Trinks, 


July, 1917, p. 320. ; 
Features influencing lateral spreading of 
steel in rolls with varying conditions of 
ager temperature, uction and shape 
of pass. ormulae considerations, show- 
ing limited range of applicability. 


Elements of Roll Pass Design—W. Trinks, 

Sept., 1917, p. 400. ‘ 3 

Discussion of seamless rolling gives: evi- 

dence that great tension is permissible 

in white hot steel, free from. flaws, if 
lateral contraction is not hindered. . 


Elements of Roll-Pass Design—W- “Trinks, 
Nov., 1917, p. 518. =a 


General rules for roll-pass design derived. 


Passes should be des gned for maximum 
reduction ossible under circumstances 
and to underfill rather than ‘overfill. 


Elements of Roll-Pass Design—W. Trinks, 

Dec., 1917, p. 555. ar hit i. 

Rules presented in previous articles ap- 

lied in roll investigation. Roll pases: 

Hest ned to fill or slightly un erfill. 

* Ben ae and torsion stresses in roll com- 
puted. 


Roll Pass Design for Standard. Rails—E. 
Standiford, Aug., 1917, P. 366. 
Data and description of practice in sev- 
eral rail mills. Design of roughing ~~ 


termediate nd_ finishing passes. Ho 
Cooling and re- 


Roll Design for Shrapnel and Shell: Bars— 
W. S. St 1 12. oy 
Box and edging passes for lidavy drafts. 
ora finishing 
and roughing rolls. Qualities of steel for 
rolls. Elements influencing ‘accurateness 
of finished product. 


Roll and Pass Layout for Rolling Specials— 
Ww. S. Standiford, Mar., 1916, p. 162. - 
Roll layouts and pass sequence for roll- 
ing apecial shapes to comply with muni- 
tions makers demands. Heating and man- 
ufacturing factors controlling product. 


Solid Friction Presented by Roll .Necks—W. 
Trinks, July, 1915, D- 666. 
Ezplanation showin mechanical features 
involved in extremely rapid wear of ro 
necks and bearings. Unequal load distri- 
bution under varying drafts a factor. 


Improved Rail Section. Aug., 1915, p. 768. 


Position of Channel Passes Relative to Pitch 
Line. 


Hardened Steel Rolls. Mar., 1916, p. 134. 


Consideration in Roll Design. . June, - 1915, 
p. 600. 


Kolling Mill Flanged Beam Sections—F. Denk, 
June, 1917, p. 271. 
Theory and practice in the operation of 
Gray, Sack and Puppe mills. ~ Stress prob- 
lems involved. Flange characteristics con- 
trasted. 


Mill Designs for Rolling Flat-Flanged Beams 
__¥. Denk, May, 1917, PD. 202. 
Summing up and concluding the series of 
articles describing the variaus types. of 
rolling mills for forming fint-flanged work. 
Limitations of each mill and its field. 


: Wide-Flanged 
Denk, July, 1917, DP. 306 
Comparative fiber and bending stress cal- 
culations for Bethlehem, Differdingen, 
Sack and Pup sections, assuming uni- 


Rolling Beam  Sections—F. 


form load distribution. 


Mill Design for Rolling Flat-Flanged Beams 
—F, Denk, Apr., 1917, p. 149, - | 


Discussing method of rolling secured in 
the Puppe type of mil) with gain in sec- 
tion shape secured thereby. ecurate ad- 
justment of the rolls easily obtained 
through design. 


Design of Mills for Flat-Flanged Beams—F. 
Denk, Dec., 1916, p. 562. 
Part two of a discussion of different types 
of mills for this work. Grooved rolls for 
wide-flanged sections. Oblique method 
and its advantages and disadvantages. 


Mill pees for Rolling Flat-Flanged Beams 
F. Denk, Mar., 1917, p. 101. 


Various t s of American mills for turn- 
ing out flat-flanged heams. Means adapted 
to avoid tilting and turning of beams and 
complications thereby introduced. 


Design of Mills for Flat-Flanged Beams— 
F. Denk, Nov., 1916, p. 512. r. 


The rolling of wide-flanged beams with 
parallel edges is becoming more and more 
of a necessity on account of the incress- 
ing field for such shapes. Various mills 
are described. 


Mill Design for Rolling Flat-Flanged Beams 
—F. Denk, Feb., 1917, p. 61. ° 


Rolling schedue for special shaped in the 
gray mill with sizes and shapes available 
with that equipment. Means for strength- 
ening gray mill sections. 


be, hy of Mills Rolling Flat-Flanged Beams 
—F. Denk, Jan., 1917, p. 7. 


Continuing a discussion of the types and 
variations in mill este to give econom- 
ical rolling of special beam shapes. Rea- 
sons for certain mill failures. 


Investigation of Stresses in Mill Housings— 
F. D. Keller, Aug., 1917, p. 347. 


Stresses in housings cnused by spreading 
forees on the rolls. Harmful influence of 
sharp corners. Factors affecting brenkage. 
Effect of shrinkage stresses. 


Factors of Safety in Steel and Iron Parts— 
W. Trinks, Feb., 1915, p. 150. 


Cement. 

Utilization of Blast Furnace Slags. Jan., 1916, 
p. 44. 

= Cement Specifications. May, 1915, p. 


Comment and Tiscussion frem the Reader's 
Angle Concerning the “Ghost Lines” ques- 
tion. May, 1916, p. 206. 


Economies in Bulk Handling of Cement—H. 
M. Capron, Mar., 1915, p. 338. 


Factors which determine ndvisability of 
earload loading instead of use of custom- 
ary sncked product. Reduction of loss 
possible with good equipment. 


Blast Furnace Slag Cements. Jan., 1917. p. 36, 


Kinds and Character. 


Alumina as a Component of Blast Furnace 
Slag—W. G. Imhoff, June, 1917, p. 261. 


Its relation to other slag components and 
the practical interpretation of slag _ pe- 
cullarities which are attributed to alu- 
mina. Effect on furnace gases, 


a” at i as a Component of Furnace Slag— 
. G. Imhoff, Aug., 1917, p. 358, 
Free and sublimated sulphur. Causes of 
high sulphur iron. Relation to various 
furnace conditions, such as hearth temper- 


ature. Fusion zone and furnace driving. 
Effect on slazs. 


waipeee as a Component of Furnace Slag—W. 
. Imhoff, Jaly, 1917, p. 208, 
The effect of combined sulphur en fur- 
nace driving. Kelation to furnace gas. 
Importance in connection with lime. Cal- 
gGareetons considering varying furnace con- 
ons. 


Lime ae a Component of furnace Slag—wW. G. 
Imhoff, Sept., 1917, p. 411. 


Classification of lime. Features distin- 


Prodnection. 

Production of Low Carbon Electric Steel— 
A. S. Hellstrom, Aug., 1117, p. 392. 

Recent Electrical Steel Pufification Proces. 
Apr., 1915, p. 436. 
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Digitized by Coc gle 
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Unanswered questions on actual values of 
stress and torsion rules as at present fol- 
lowed. How to make our machinery safer 


without making it heavier. Present-day 
formulae on angle and rforations ques- 
iioned in the light of simple tests. 


i al Intermittent Service. Feb., 1915, 
p. 152. 


Characteristics of American Hollow Rolling 
Mill Spindles. Aug., ea 745. 
Vurious means develop for guarding 
against mill damage through breakage of 
ae ae = Hollow spindles of safety types. 
Need for additional strength in early 
types shown. 


Del Tearings and Rolling Mills. Mar., 1913, 
p. . 


peracseye Rolling Mill Couplings. Apr., 1915, 
p. ; 

Types of power and stand connection de- 
vices which permit disconnecting one side 
without long shutdown. Ortman coup- 
lings and hollow spiudles described. 


Dec., 1916, p. 578. 
Jan., 1916, p. 46. 


Cutting Armor Plate. 
When a Koll Chills. 


Theory of Rolling. 


Discussion of Rail 
Sept., 1916, p. 420. 


Spreading Forces in Rolling Mills—W. Trinks, 
Apr., 1915, p. 422. 


Consideration of the resistance of mate- 
rial to compression a factor in the roll- 
ing process. Further data on laws of 
deformation as developed by research on 
experimental mill. 


Rolling Cause of Rail Failure in Service—Dr. 
P. H. Dudley, Aug., 1916, p. 417. 


Findings from investigation conducted by 
railrond to determine basie causes for 
rail failures. Two types of fallure de- 
fined and listed causatively. 


SLAGS 


guisioss lime-hot furnace from lime-cold 
irnace. VFroperties of cinder indication 
of furnace condition. 


Failure—A. W. Heinle, 


Conditions and Causes of Iron in Slags (3)— 
W. G. Inhoff, Oct., 1916, p. 455. 


Tron as silieite: extremes of. Furnace 
conditions, relation to hearth temperature: 
condition of stock in the hearth and quick- 
est means of restoring normal furnace 
conditions. 


Some Causes of Colors in Furnace Slags—W. 
G. Imhoff, Feb., 1917, p. 58. 


Influence of temperature volume and chem- 
ical composition on slag colors. Relation 
of color to chemical components. Practi- 
enl value of color to furnace conditions. 


Tynes of Different Blast Furnace Slags—W. 
G. Imhoff, Mar., 1917, p. 113. 


Iiffect of change of burden influence of 
eold air; Relation that hearth tempera- 
ture bears to different slag types: develop- 
ment of slag series. 


Conditions and Causes of Iron in Slags (2)— 
W. G. Imhoff, Sept., 1916, p. 413. 


Tron as Iron oxide. Its development and 
significance as a slag component. Its re- 
lation to temperature, black slags and 
chemical analysis. 


Silica as a Component of Blast Furnace Slag 
—W. G. Imhoff, Apr., 1917, p. 155. 
Slug characteristics due to silica. Relation 
to the driving of the furnace. Its effect 
npon sulphur and other slag components. 
Relation of silien to slag volume and 
hearth temperature. 


Characteristics of Electric Furnace Slags—W. 
G. Imhoff, May, 1917, p. 204. 
The function of the first or oxidizing 
slag. The impurities of the steel which 
are removed by this sing. Its characteris- 
ties ond how to secure them. 


STEELS 


High Speed Steel Alloy by New Process. 
Nov., 1016, p. 532. 
Wrongbt TIron’s Relation to Ferrous Metals 
—I), F. Manice. Jan., 1916, p. 82. 
Giving a review of the historical aspect 


Investigation of Plastic Flow Phenomena—W. 
Trinks, Aug., 1916, p. 362. 
Points of similarity between plastic flow 
of clay and that of steel. Comparative re- 
sults from government investigation bear 
out experimental quantities. 


On Deformation Limit of Plastic Materials. 
May, 1916, p. 205. 


Limiting the blame for cracking and frac- 
turing of steel under rolling and forging. 
Showing the mechanical factors concerned 
in the disturbance of steel structure. 


Rolling Formulae Volume Considerations—W. 
Trinks, Sept., 1915, p. 825. 


In which is pointed out the fallacy of the 
formulae based entirely upon the dis- 
placed volume theory. Development of 
— expression for use with rolling 
work, 


New Theorles on Hot Mill Deformations Ob- 
tained by Experimental Rolling—W. Trinks, 
Mar., 1915, p. 276. 


Variation of flow with draft in the rolling 
of steel, TIllumination experiment in the 
rolling of lead suggest 1mendments in es- 
tablis hypothesis on resistance of 
plastic materials under varying pressures. 
Action of bar in actual test contrasted 
with friction pyramid theory. 


Influence of Cooling on Service of Rails—Dr. 
P. H. Dudley, Jan., 1917, p. 28. 


Addenda to the report published in the 
September, 1916, issue under the title. 
“Rolling cause of rail fsilure in service.” 
Showing the influence of the ccoling bed 
and rail placing. 


Chances of Structure Caused by Cold Rolling 
Steel. Aug., 1913, p. &. 


Speed Difference between Steel 
Nov., 1913, p. 16. 


Pintshing Temperatures of Rails. Mar., 1915, 
p. . 


and Rolls. 


Conditions and Causes of Iron in Slags—W. 
G. Imhoff, Aug.. 1916, p. 359. 


Physical and chemical states of iron in 
slags. Relations to burdening stock and 
furnace conditions. Losses and recovery 
of tron from cinder. 


Viscosity Testing of Blast Slags. 
June, 1916, p. 281. i 


Apparatus designed hy Bnreau of Mines 
for testing and compsring viscosity. Char- 
acteristics of various slags under econdi- 
tions similar to those encountered in ac- 
tive stacks. 


Furnace 


Sulphur as a amapenene. of Furnace Slag— 
. G. Imhoff, July, 1917, p. 30s, 


Fffect of combined sulphur on furnace 

driving. RHelation to furnace gas. Impor- 
tance in connection with lime. Calcula- 

sone considering varying furnace condi- 
ons. 


Slag Determination. Aug., 1914, p. 5. 


Production. 
Slag Handling for Evonemical Utilization— 
arles C. nde, Jan., 1916, p. 1. 
Two meth 


s at one plant for the recovery 
of the slag and cinder in a condition read- 
ily unable for road making, cement mann- 
facture ard other industrial uses. Chain 
beds and steam shovels as recovery means. 


Roving on Slag Through Efficient Croshing— 
H. V. Shiefer. Nov., 1916, p 499. 
Saving handing costs and making profit 
on what is nsually considered a drawback 
to successful blast furnace operation. Me- 
chanically operated apparatus used. 


Double Skimming of Slag. Mur., 1916, p. 13. 
ieprenason of Fuel with Slag. Mar., 1916, 
r. i 


Handling Ladle Slag. Mar., 1915, p. 295. 


of the manufacture of wrought iron with 

inference on its infinence on the produc- 
tion of other ferrous metals. 

Metalotd Removal from Metal Washing—F4- 
ward L. Ford, Feb., 1917, p. 56. 


Original from 


Ad 


UNIVERSITY OF IOWA 


Discussing “Washed metal in_ special 
steel making,” by Henry D. Hibbard in 
the primary number and giving Brier 
Hill process and results at that plant. 


Making and Buying Sheet and Strip Stock— 
F, alter Guibert, May, 1917, p. 218. 


Cold rolled steel as considered from the 
oint of view of the maker and user. 
inds of special stock oftenest specified. 

gage necessary for manufacturing 

each, 


Causes and Effects of Seams in Steel—W. D. 
Mainwaring, Sept., 1913, p. 10. 


Commercial Development of Alloy Steel—Ed- 
ward D. Rogers, Nov., 1915, p. 1,042. 


Historical and practical viewpoints re- 
garding the use of alloy steels with em- 
phasis upon those produced from the 
usual steelmaking equipment rather than 
in crucibles. 


Production of Homogeneous Steel—Edward 
F, Keeney, July, 1915. p. 675. 


Factors governing manufacture of com- 
mercial amounts of sound, unblemished 
steel. Segregation and blowholes prac- 
tically eliminated. Insulating taps used. 


Washed Metal in Special Steel Making—Hen- 
ry D. Hibbard. Jan.. 1917. p. 12. 


Washed metal as used by the Brier Hill 
Company to give specially purified prod- 
uct for making higher grades of product. 
Operation and features of washing equip- 
ment, 


Properties. 


Compressive Density Changes in Mild Steels. 
Aug., 1915, p. 770. 


Strength and Inner Structure of Mild Steel— 
Prof. W. E. Dalby, June, 1917, p. 277. 
Study of cementite and _ pearltite com- 
binations and their evolution during heat 
treatment. Action under cooling pro- 
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cesses must be traced in preparing abso- 
lute data. 


Etebing Re-agents. Apr., 1915, p. 520. 


Definition of Hardness—A. E. Tutton, Feb., 
1917, p. 70. 


Internal Friction of Metals. 


4 
Oct., 1916, p. 490. 


Growth of Cast Iron Parts. Sept., 1916, p. 434. 


Molten Zine as Re-agent for Microscopic 
Etching of lron and Steel—Jesse L. Jones, 
July, 1915, p. 667. 


Determination of Alloys in Steels. Apr., 1915, 
p. 522. 


Characteristic Edges of Pig Iron Samples— 
W. G. Imhoff, Jan., 1917, p. 9. 


The practical furnace man’s method of 
judging analysis at casting. Relation 
the iron bears to furnace conditions, 
rte vi which give individuality to sam- 
ples. A 


Peculiar Appearance of Some Sawn Bars. 
Apr., 1916, p. 157. 


Unusual structure showin 
sections of bars leads to 
mechanical or chemical 
tion of saw responsible. 


on the sawn 
etermination of 
causes. Vibra- 


Permissible Sulphur in 
Sept., 1916, p. 421. 


The Effect of Sulphur in Rivet Steel—Dr. J. 
S. Unger, July, 1916, p. 333. 


Showing how the working and physical 
roperties of rivet steel are affected by 
creasing amounts of sulphur. Best of 

evidence that steel may safely contain a 

much higher sulphur content than that 

usually specified for open hearth steel. 


Chemistry of Oxygen’s Strengthening Iron— 
W. M. Johnson, Mar., 1916, p. 116. 
A discussion of J. B. Johnson, Jr.’s find- 


Steel—J. Shownawa, 


h- 


ings with regard to ox as a strengt 
sf +s 7 emnthal form of 


ng factor in iron. 
such effect set forth. 


Heat and Carbon Steel Chemical Nature— 
Edward D. Campbell, Jan., 1916, p. 18. 
Influence of heat treatment on the s - 
fic resistance and chemical composition 
of carbon steels. A tracing of the rela- 
tions between these characteristics of the 
material, 


Characteristics of Spelter. Oct., 1916, p. 490. 


Tests. 


Torque and Work of Acceleration—Philip 
Hoffman. Aug., 1917, p. 37. 


Impact Tests and Their Relations to Others 
—Howard J. Stagg, Jr., May, 1917, p, 209. 
Comparison of the results obtained from 
various types of machines for testing re- 
, sistance to impart torsion and other 
stresses of steels of various analyses. 
Tabular stress relation. 


lata for Shearing Steel and Other Metal— 
W. Trinks, Mar., 1917, p. 95. 


Tests to determine the equivalent cutting 
copecst? of given shears on various kinds 
of stock. Curve presented obtained from 
series of practical shearings. 


Electric Steel Tests. Oct., 1916, p. 492. 
Tragect Coefficients for Girders. May, 1915, p. 
Use of X-Ray for Testing Steel. Apr., 1915, 


Micrographiec Studies on Copper 
Stecl. Feb., 1917, p. 74. 5 


Detecting Steel in Wrought Iron Pipe. June, 
1916, p. 298. 


Iron and 


QA meiod for Testing Sheet Steel. Nov., 1916, 
Dp. . 


TEMPERATURE MEASUREMENTS 


Recent eg in Pyrometer Design. June, 
1915, p. e 
Adaptability of various types of instru- 
ment to measurement of high tempera- 
tures under severe operation conditions. 
Degree of accuracy to be expected. 


An Optical Pyrometer for Works Use. Aug., 
1917 p. 388. 


Temperature Measurements in Bessemer Iron 
Open Hearth Practice. May, 1917, p. 225. 


Furnace for 


Thermal Analysis. Apr., 
p. 524. 


1915, 


Recent Progress in Pyrometer Design. June, 
1915 648 


» PD. . 


Heat Meauring Limits. Apr., 1917, p. 174, 


Pyrometry in Blast Furnace Practice—S. H. 
Stupakoff, June, 1914, p. 42. 


Iron Thermo Couples. June, 1915,. p. 598. 


Bessemer and Open Hearth Temperature 
rge K. Burgess, Mar., 1917, p. 
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